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HEPATITIS B SURFACE ANTIGEN FORMED BY RECOMBINANT DNA TECHNIQUES, VACCINES, DIAG- 
NOSTICS, CELL LINES AND METHODS OF FORMING SAME 



BACKGROUND OF THE INVENTION 



1 . Field of the Invention 

The present invention relates to bacterial plas- 
mids carrying the PreS,-PreS 2 -S protein coding re- 
gion, but lacking sequences encoding the hepatitis 
B core antigen, which are used for transfection of 
eukaryotic cell lines for production of particles con- 
taining polypeptides encoded by the PreS t -PreSi-S 
protein coding region. 

2. Background of the Invention 

Recent advances in genetic engineering have 
made it possible for a number of peptides and 
proteins to be expressed in bacteria, yeast as well 
as mammalian cells, in increased amounts. Though 
many proteins and peptides have been expressed 
in considerable amounts in bacteria, it is a special 
desire to express large amounts of those proteins 
and polypeptides which are to be used in human 
medicine in mammalian cells in order to avoid 
drawbacks associated with any contaminating pro- 
ducts resulting from the bacterial cell, or from 
expression in bacterial cells. 

Of special interest is the expression of hepatitis 
B surface antigen proteins in increased amounts in 
mammalian cells. The expression rate of these 
polypeptides in mammalian cells has so far not 
been high enough to allow an economic production 
thereof. 

Hepatitis B virus is transmitted among humans 
and causes a chronic and debilitating infection that 
results in severe liver damage, primary carcinoma 
and death. In most cases, complete recovery from 
hepatitis B infection can be expected. However, in 
many African and Asian countries, hepatitis B virus 
infection is endemic. A large number of individuals 
in the populations of these countries are chronic 
carriers of hepatitis B virus and thereby have the 
dangerous potential of further transmitting the dis- 
ease. 

Vaccination is the only known protection 
against hepatitis B virus. Recently several com- 
panies (for example, Merck, Sharp and Dohme, 
U.S.A., and the Pasteur Institute, France) have in- 
troduced a piasma-derived vaccine against hepati- 
tis B virus. The vaccine contains, as the antigen, 
hepatitis B viral proteins which are normally located 
on the envelope of the viral particle. Such antigen 
is commonly referred to as the hepatitis B virus 



surface antigen (HBsAg), and the viral gene encod- 
ing such antigen is called the HBsAg gene. The 
above-referenced vaccines contain surface antigen 
isolated from the plasma of hepatitis B virus in- 

s fected humans. Although the surface antigen itself 
is not pathogenic, it stimulates the production of 
antibodies that are directed against hepatitis B 
virus particles in human beings. 

The only commercially available source of 

10 hepatitis B surface antigen is the blood of hepatitis 
B virus infected humans. The isolation and purifica- 
tion of the surface antigen from human serum is a 
cumbersome and time-consuming process and is, 
therefore, relatively expensive. In addition, as long 

75 as the human serum is the only commercially 
available source for surface antigen, the amount of 
surface antigen available for use in vaccines, wiH 
be limited. 

For large-scale vaccination, especially in areas 

20 where hepatitis B virus is endemic, it is of great 
importance to have a cheap and virtually unlimited 
source for surface antigen of hepatitis B virus. 
Because of the potential danger of contamination 
with pathogenic agents when surface antigen is 

25 taken from human serum, it is desirable to avoid 
the use of human serum as a source for surface 
antigen. There is also no biological system known 
besides human beings and chimpanzees in whch 
hepatitis B virus can grow and be propagated. 

30 Recent advances in molecular biology have 
made it possible to clone the sequence erf the 
complete genome of hepatitis B virus (Siddiqui, A. 
et al. Proc. Nag. Ara. gd^ U.SA, Vol. 76, p. 4664, 
1979; Sninsky, JJ. et al. Nature. Vol. 279, p. 346, 

35 1979; and Chamay, P. et al, Nucl. Acids Res.. Vol. 
7, p. 335, 1979). In addition, the coding regions for 
the different viral proteins of hepatitis B virus have 
been identified (^e, e.g., European Patent Applica- 
tion Publication Nos. 13828, 20251 and 38765; 

40 Galibert et al, Nature. Vol. 281, pp. 646-650, 1979; 
Pasek et al, Nature. Vol 282, pp. 575-579, 1979; 
and Valenzuela et al. Nature. Vol. 280, pp. 815-819 
1979). 

Following these advances, several host sys- 
45 terns have been tested for the expression of that 
portion of the viral genome encoding the surface 
antigen proteins of hepatitis B virus. 

It has been demonstrated in many cases that 
bacteria can provide a cheap production system for 
so certain eukaryotic products. However, many dif- 
ficulties are observed when eukaryotic products are 
synthesized in bacteria. For example: 

1) the eukaryotic structural gene may not be 
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efficiently transcribed in bacteria because 
codon usage in bacteria differs from codon 
usage in eukaryotes; 

2) the eukaryotic gene product can be toxic to 
the host bacteria cell; 

3) the structure and function of the eukaryotic 
gene product may be dependent on certain 
post-translational processes, such as 
glycosylation or special linkage of disulfide 
bonds,, neither of which can be accomplished 
by the bacterial host; 

4) only rarely will the gene product be se- 
creted from the bacterial host cell; 

5) eukaryotic promoters usually do not work in 
bacteria and must be substituted by a bac- 
terial promoter, and such substitution can re- 
sult in modification of the eukaryotic gene 
product, i.e. t the N-terminal part of the product 
is of bacterial origin and includes the N-formyl 
methionine as the initial amino acid which 
does not occur in eukaryotes and which might 
present a new immunogenic determinant for 
the mammalian immune system; and 

6) during the purification process, bacterial cell 
wail components may co-purify with the gene 
product and cause serious allergic reactions or 
lead to anaphylactic shock in mammalian re- 
cipients of the gene product 

There have been problems with hepatitis B 
surface antigen made in bacteria. First of all, the 
production rate in bacteria is very low and, in 
addition to this, the purification has to start from a 
bacterial lysate because the product is not se- 
creted from the bacterial cell. Another problem 
arises from the fact that certain post-translational 
processes do not exist in bacteria, for example 
glycosylation of the surface antigen which has an 
influence on the level and specificity of the immune 
response. For any of these reasons it is desirable 
to avoid bacteria as production hosts. 

Yeast cells transformed with an appropriate re- 
combinant vector containing the hepatitis B surface 
antigen coding sequence synthesize and accumu- 
late said surface antigen in considerable amounts 
in yeast culture. But there are some serious 
drawbacks in this host system, too, i.e., 1) the 
surface antigen is not secreted from the yeast cells 
and has to be isolated from a cell lysate of such 
cells, and 2) the surface antigen monomers made 
in yeast cells form no covalently-joined dimers, 
unlike the surface antigen secreted from mamma- 
lian cells. 



There have been several attempts to establish 
mammalian cell lines that produce surface antigen. 
These cell lines have been derived from human 
hepatocellular carcinomas (Alexander, J.J. et al, 

5 Afr\ Me& JL, Vol. 50, p. 2124, 1976) as well as from 
ceils transfected with cloned hepatitis B virus DNA. 
In addition, monkey kidney cells have been in- 
fected with simian virus 40 (SV40)-based recom- 
binant DNA vectors carrying 40% of the hepatitis B 

w virus genome (Laub, 0. et al, & of Virol. . Vol. 48, p. 
271, 1983). Also, co-transfection approaches have 
been used to select cell lines expressing the sur- 
face antigen (Standring, D.N. et al, i of Virol. , Vol. 
50, p. 563, 1984). Amplification of the dihydrofolote 

75 reductase (DHFR) gene has been used to establish 
mammalian cell lines producing greater quantities 
of antigen (Michel et al, Proc. Natl. Aca. Sci.. Vol. 
81, p. 7708, 1984). Also, eukaryotic viral vectors 
that utilize the transformed phenotype as the selec- 

20 table marker (Hsiung, N. et al, Molec. and Applied 
Genetics . Vol. 2, p. 497, 1984) have been chosen 
for transferring the surface antigen gene into mam- 
malian cells. In these cases, DNA constructions 
containing oncogenic DNA sequences, or DNA se- 

25 quences from oncogenic viruses, were used in the 
selection of cell lines producing surface antigen. 
The use of an oncogene sequence as a selection 
marker poses new safety problems when surface 
antigen made by these cells is used for vaccina- 

30 tion. 

A number of references discuss the expression 
of polypeptides synthesized by the hepatitis B 
virus coding sequence. 

European Patent Application Publication No. 

35 013.828-A1 (EPA 013,828), published August 8, 
1980, states that nucleotide sequences encoding a 
163 amino acid stretch (the PreS coding region) 
immediately preceding the S protein coding region 
in the HBV genome, may also be included in the 

40 fragments employed to produce useful recombin- 
ant DNA molecules for production of polypeptides 
displaying hepatitis B virus surface antigen an- 
tigenicity. In addition, it is described that gene 
fragments including both the precursor sequence 

4s and the structural gene for HBsAg may be excised 
by the use of one or more of a variety of restriction 
endonucleases prior to or during construction of a 
cloning vector. Furthermore, it is described that the 
163 codon precursor preceding the structural gene 

so coding for HBsAg should be excised from a cloning 
vehicle containing the S protein coding sequence 
prior to using the vector for transformation. 

European Patent Application Publication No. 
072,318-82 (EPA 072,318), published February 16, 

55 1983, describes a method of making HBsAg by 
growing yeast cells transformed with a vector in- 
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cfuding a yeast repiicon, a yeast promoter and a 
DNA segment coding for the S protein and specifi- 
cally excluding the 163 codon precursor preceding 
the structural gene coding for HBsAg. A vaccine 
including an HBsAg antigen and a method of ob- 
taining an HBsAg antibody by purifying the anti- 
body from the serum of animals immunized against 
HBsAg is also described. A 14 to 18 nm antigen 
particle capable of forming an immune complex 
with HBsAg antibody is also described. 

In Feitelson et al, Virology. Vol. 130, pp. 75-90, 
1983, it was observed that a number of surface 
antigen-associated polypeptides may be partially 
encoded within the PreS coding sequence, includ- 
ing 24,000, 28,000, 32,000, 43.000, and 50,000 
daiton species. 

Laub et al, J. Virol ., Vol. 48, No. 1, pp. 271- 
280, 1983, describe, the construction of a simian 
virus 40 early replacement vector that has a struc- 
tural gene coding for HBsAg including the 163 
codon precursor sequence immediately preceding 
the structural gene, and expression of the coding 
sequence by SV40-transformed CV-1 cells (COS 
cells) transformed by such a vector. Laub et ai also 
report that more HBsAg is expressed by COS cells 
transformed by a vector containing only the S 
protein coding sequence as compared to those 
transformed with a vector containing the 163 codon 
precursor immediately preceding the structural 
gene coding for HBsAg. 

Takeda Chemical ind., Japanese Patent Ap- 
plication No. J5-8194-897-A, published November 
12, 1983, (Takeda I), describes an HBV DNA (adw 
subtype) coding for the entire PreS-S protein poly- 
peptide and a vector containing such DNA and a 
host transformed with the DNA. Takeda Chemical 
Ind., Japanese Patent Application No. J5-9080-615- 
A, published May 10, 1984, (Takeda II), describes 
an HBV DNA ( adw subtype) coding for the entire 
PreS-S protein polypeptide, as well as the polypep- 
tide produced by such DNA and its use in a 
vaccine. Takeda Chemical Ind., Japanese Patent 
Application No. J5-9074-985-A, published April 27, 
1984 (Takeda 111), describes a DNA fragment con- 
taining one or more of the entire ad£ type PreS-S 
protein coding sequence, the S protein coding se- 
quence or the Hepatitis B Virus Core Antigen 
(HBcAgX coding sequence, a vector containing 
such DNA, and hosts transformed with such DNA. 
Takeda III states that the 43,000 daiton polypeptide 
coded for by the PreS-S protein coding sequence 
"may be used as vaccines for prevention of HBV 
infection." Cloning of the PreS-S protein coding 
sequence in E . co[[ and identification of the poly- 
peptide produced by such sequence is described 
in Takeda III. 



Geriich, in a presentation at the European As- 
sociation of Clinical Microbiology in Bologna, Octo- 
ber 18, 1983, reported that four potential genes of 
HBV have been deduced from the DNA sequence 
5 of cloned HBV-DNA; that the gene for the surface 
proteins (S-gene) of HBV consists of one uninter- 
rupted coding sequence which is translated into at 
least three polypeptides; that the sequence of the 
major protein, P24, and its glycosylated form, 

to GP27, begins with the third conserved translationai 
start signal of the S-gene; that the minor surface 
proteins. GP33 or GP36, begin at the second start 
signal, that only the P41 polypeptide of HBV prob- 
ably uses the full length coding sequence of the S- 

75 gene; that P41 carries a major antigenic deter- 
minant of HBV; and that it is present only in the 
complete viral particles but not in the 20 nm par- 
ticles of surplus surface antigen from which the 
current hepatitis B vaccines derive. There is no 

20 report in Geriich specifically regarding the PreS, 
region of P41 or that the PreS, region specifically 
contains an antigenic determinant which would be 
useful in an HBV vaccine. 

Stibbe et ai, Develop. Biol. Standard . Vol. 54, 

25 pp. 33-43, 1983, reported at the second WHO/IABS 
Symposium in Athens on Viral Hepatitis: Standard- 
ization in Immunoprophyiaxis of Infections by 
Hepatitis Viruses, Athens, Greece, 1982, that the 
20 nm particles of HBsAg isolated from serum of 

30 humans infected with HBV contain at least three 
minor proteins, GP33, GP36 and P41 as ascer- 
tained by SDS ge! electrophoresis. 'Stibbe et al, 
conclude that GP33 and GP36 are probably not 
essential components of HBV vaccines. There ts no 

35 report in Stibbe et al specifically regarding the 
PreS, region of P41, or that such region specifically 
contains an antigenic determinant that would be 
useful in an HBV vaccine. 

Stibbe et al, J. ViroL Vol. 46, No. 2, pp. 626- 

40 628, 1983, disclose that minor glycoproteins from 
the HBsAg coding region, named GP33 and GP36, 
are coded for by the PreS-S protein coding se- 
quence. The PreS* region is a portion of the PreS 
coding region in the hepatitis B virus genome and 

45 codes for the first 55 amino acid immediately pre- 
ceding the S protein. 

Neurath et al, Science. 224, pp. 392-394, 1984, 
disclose that a polypeptide having a sequence 
identical to the amino-terminai 26 amino adds of 

so the PreS, region acts as a highly efficient kn- 
munogen, and suggest that the antibodies eficrted 
by the immunogen can be utilized for diagnostic 
tests. 

55 
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Heerman et al, J. Virol .. Vol. 52, No. 2, pp. 396- 
402, 1984, describe the entire 389 amino acid 
coding sequence comprising both the S protein 
coding sequence and the PreS coding sequence, 
which codes for a polypeptide. P39 t found in 
naturally-derived HBV particles and in viral surface 
antigen filaments, along with its glycosylated form, 
GP42, as well as the other HBV surface antigen- 
associated polypeptides P24, QP27, GP33 and 
GP36. Heerman etal also disclose that the unique 
portion of the P39/P42 protein, l.e., its PreS, region, 
bound monoclonal antibodies which had been in- 
duced by immunization with HBV particles. They 
suggest that such PreS, region is, probably, highly 
immunogenic. The PreS, region Is that portion of 
the PreS coding region, immediately preceding the 
PreS, region and comprises the coding sequences 
for amino acids 1-108 (or 1-122 depending on virus 
subtype), which is the stretch of amino acids im- 
mediately preceding the PreSa coding sequence. 
Heerman et al also state that in the search for 
immunogenic and protective poly-or oligopeptides 
as an alternate vaccine against HBV, sequences of 
the PreS region may be of interest. 

Michel et at, Proc. NatL Acad. Sci. U.S.A.. Vol. 

81, pp. 7708-7712, 1984, describe the synthesis of 
HBsAg carrying human serum polyaibumin recep- 
tors in Chinese hamster ovary (CHO) cells transfec- 
ted with a plasmid carrying the PreSa-S protein 
coding sequence. 

Cattaneo et al, Nature. Vol. 305, pp. 335-338, 
1985, disclose that the S gene of the HBV genome 
initiates translation at the beginning of the PreS 
region (i.e., at 489 nucleotides or 163 codons up- 
stream of the S gene) and the mRNA is 
processed/polyadenylated at a site within the core 
gene. 

Persing et al, Proc. Natl. Acad. Sci. U.S.A.. Vol. 

82, pp. 3440-3444, 1985, disclose that mouse L 
ceils transformed with a PreS a -S protein coding 
sequence produce three HBsAg related polypep- 
tides of molecular weight 24,000, 27,000 and 
35,000 daltons, all of which are organized into 
complex immunoreactive HBsAg particles of 22 nm 
diameter which bind to polymerized human serum 
albumin (HBA); while mouse L cells transformed 
with the PreSrS protein coding sequence bearing 
a frame-shift mutation near the 3* end of the PreS 5 
region produce only the 24,000 and 27,000 dalton 
polypeptides organized into 22 nm diameter im- 
munoreactive HBsAg particles which are unable to 
bind HSA. Persing et al conclude that the PreSa-S 
protein coding sequence encodes the 35,000 dal- 
ton species, that the PreS a coding portion accounts 
for the HSA-binding activity of HBsAg, but is not 
required for assembly and secretion of the HBsAg 



particles; and that the predominant polypeptide of 
HBsAg (i.e., the 24,000 dalton species) is not de- 
rived primarily by cleavage of larger presursors 
(i.e., the 27,000 and 35,000 dalton species) en- 

5 coded by the PreSa-S protein coding sequence. 

Milich et al, Science. Vol. 228, pp. 1195-1199, 
1985, disclose that vaccines that contain HBsAg 
particles with amino acids of both PreS* and 
HBsAg, wherein such particles were secreted by 

to Chinese hamster ovary (CHO) cells transfected 
with a plasmid containing the PreSa-S protein cod- 
ing sequence, can circumvent nonresponsiveness 
to vaccines which just contain HBsAg since the 
immunogenic response to HbsAg is independent of 

75 the immunogenic response to PreS*; and that the 
26 amino acid residues at the amino-terminus of 
the 33,000 dalton polypeptide coded for by the 
PreSrS protein coding sequence represent a domi- 
nant antibody binding site on the PreS a region. 

20 Neurath et al, Nature. Vol. 315, pp. 154-156, 

1985, disclose that the PreSa region codes for a 
protein on the HBV envelope with domains specifi- 
cally recognized by liver cells; the PreS 2 -S protein 
coding sequence codes for a protein present in 

25 HBV particles; synthethic peptides corresponding 
to the gene coding PreS, are highly immunogenic; 
and conclude that HBV vaccines should contain 
PreSa. 

Valenzueia disclosed, at the May 15, 1985 Bio- 

30 Expo-5 Meeting in Boston, expression of the entire 
PreSa protein coding sequence in yeast; that such 
yeast cells do synthesize a particle containing both 
HBsAg and PreSa peptide which is very similar in 
electron microscopy and sedimentation properties 

35 to particles containing only HBsAg, and that the 
PreS a region does not interfere with the ability to 
form the 22 nm HBsAg particles. Valenzueia also 
states that it has been hypothesized that HBV gets 
into the liver by binding polyaibumin to its polyal- 

40 bumin receptor which in turn binds the polyaibumin 
receptor in the liver cell and thus, the virus gets 
internalized. The polyaibumin receptor of HBV is 
encoded by the PreSa region. Valenzueia con- 
cludes that a vaccine containing PreSa will elicit 

45 antibodies which, in addition to inactivating HBV 
through the normal mechanism, might interfere with 
the way the virus enters liver ceils. See, also, 
Valenzueia et al, Biotechnology. Vol. 3, pp. 317- 
320, 1985. 

so Valenzueia et al, Biotechnology- Vol. 3, pp. 
323-327, 1985, disclose the use of the HBsAg 
polyaibumin receptor coded for by the PreSa cod- 
ing sequence as a means to prepare polyvalent 
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vaccines. Valenzuela prepared a hybrid HBsAg- 
Herpes simplex 1 virus glycoprotein D (HSVlgD) 
particle by expressing the entire HSVIgD-PreSjS 
protein coding sequence in yeast. 

Neurath et aJ European Patent Application Pub- 
lication No. 0.154.902-A2, published September 18, 
1985, describes a hepatitis B vaccine containing a 
peptide with an amino acid chain of at least six 
consecutive amino acids within the PreS gene cod- 
ing region of the envelope of hepatitis B virus. The 
vaccine is free of an amino acid sequence cor- 
responding to the naturally occuring envelope pro- 
teins of hepatitis B virus and the physiologically 
acceptable diluant. The peptide is free or can be 
linked to a carrier. The Neurath European patent 
application claims priority from two earlier U.S. 
patent applications, U.S. Serial No. 587,090, filed 
March 7, 1984, and U.S. Serial No. 698,499, filed 
May 2, 1985. 

Kent et al, Pept Chem.. Vol. 22, pp. 167-70, 
1984, disclose that a chemically synthesized pep- 
tide comprising the N-temnina! 26 amino acids of 
the PreSa region is a very good antigen and is a 
good candidate for a synthetic vaccine. 

Lo et al, Biochem. Biophvs. Res. Comm.. Vol. 
129, No. 3, pp. 797-803, 1985, disclose the char- 
acterization of the restriction endonuclease map of 
full length HBV DNA for different subtypes fedw. 
adr, avw and advw) of HBV, including characteriza- 
tion of the restriction endonuclease map of the 
entire PreS region. Lo et al also disclose cloning 
and expression of the full length HBV DNA in E. 
cgli using a pUC8 expression vector, and state that 
they intend to use such HBV -gene product, ex- 
pressed in either prokaryotic or eukaryotic cells, as 
diagnostic agents and as vaccination sources. 

Wong et al. J. Virotoov. Vol. 55, No. 1, pp. 223- 
231, 1985, disclose the identification of two HBV 
polypeptides encoded by the entire PreS open 
reading frame, Le., 42 and 46 kd glycosylated 
polypeptides, containing determinants of both 
HBsAg and the PreS region. Wong et al also dis- 
close expression of a tribrid fusion protein contain- 
ing 108 amino acids corresponding to the N-termi- 
nal 27 through 133 amino acids of the 174 amino 
acids of the PreS region (adw a subtype), as well as 
0-galactosidase and chloramphenicol acety {trans- 
ferase sequences. This peptide contains 15 amino 
acids from the PreS* region and 93 from the PreS, 
region. Wang et al also disclose that (a) polyclonal 
antiserum generated to the tribrid fusion protein 
was capable of detecting 42 and 46 kd polypep- 
tides in partially purified virus particle preparations, 



and (b) the glycosylated 42 and 46 kd polypeptides 
appear to correspond to the 39 and 42 kd non- 
glycosylated polypeptides described in Heerman et 
al, cited above, 
s Offensperger et al, Proc. Natl. Acad. ScL USA. 

Vol. 82, pp. 7540-7544, 1985, disclose expression 
of a cloned DNA sequence encoding the PreSa 
peptide-fl-galactosidase fusion protein by E-coB . 
A number of references discuss plasmids con- 
to taining the promoter of a mouse metailothionein 
gene. 

Hamer et al, U.S. Patent Appln. Serial No. 
452,783, filed December 23, 1982 and Paviakis et 
al, Proc. Natl. Acad. Sri. USA. Vol. 80, p. 397, 

is 1983, both disclose recombinant bovine papilloma 
virus plasmids containing the gene for human 
growth hormone (hGH) and a metailothionein gene 
(MMT) promoter. 

Hofschneider et al, European Patent Appln. No. 

20 EP 0,105,141 A2, published April 11, 1984, disclose 
recombinant plasmids containing the S protein cod- 
ing sequence and either bovine papilloma virus 
type 1 DNA or Maloney mouse sarcoma virus 
DNA. The plasmids disclosed by Hofschneider et 

25 al preferably employ the natural promoter asso- 
ciated with the S protein coding sequence, but the 
Hofschneider reference does state (but does not 
exemplify) that "[a] further example for a preferred 
natural eukaryotic expression signal is the metai- 

30 lothionein signal from mouse cells. n 

Fogel et al, European Patent Appln. PubBcation 
No. EP 0,096,491 A2, disclose the use of plasmids 
containing an entire metailothionein gene se- 
quence, including the promoter region, as a means 

35 for obtaining strong expression of genes down- 
stream of the MMT gene in mammalian hosts 
transformed with such plasm id. 

University Patent Inc., PCT Patent Appln. Pub- 
lication No. WO 83/01783, published May 26, 1983, 

40 and Palmiter et al, Cell. Vol. 29, p. 701, 1982, 
disclose a plasm id comprising the mouse MT-1 
gene promoter fused to a structural gene - 
(preferably the gene for thymidine kinase from her- 
pes simplex virus), and microinjection of mouse 

45 embryos with such plasmids, and state that gene 
expression of the resulting fused polypeptide prod- 
uct in differentiated cells of adult mice resulting 
from the embryos is subsequently regulable by 
administration of heavy metal ions. Palmiter et al 

so also disclose plasmids containing the mouse MT-1 
promoter fused to rat growth hormone, microinjec- 
tion of such plasmids into mouse embryo, and 
regulation of gene expression of the resulting fused 
polypeptide product by heavy metal administration. 
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SUMMARY OF THE INVENTION 

The present invention relates to a particle pre- 
pared by recombinant DNA techniques which com- 
prises at least one protein coded for by the entire 
PreSrPreSj-S protein coding region. 

The present invention also relates to a recom- 
binant DNA vector comprising the PreS,-PreSa-S 
protein coding region and a mouse metallothionein 
(MMT) promoter. Such vector preferably addition- 
ally comprises a transcription termination site and a 
selection marker. 

The present invention also relates to a trans- 
fected host eukaryotic cell transfected with a re- 
combinant DNA vector comprising the PreSrPreSa- 
S protein coding region and an MMT-promoter. 
Such vector preferably additionally comprises a a 
transcription termination site and a selection mark- 
er. Such host is preferably a mammalian cell. Addi- 
tionally, the invention relates to a method of pre- 
paring such transfected host cell which comprises 
transfecting a eukaryotic cell with the recombinant 
DNA vector of the present invention. 

The present invention also relates to a method 
for preparing particles comprising at least one pro- 
tein coded for by the entire PreS,-PreS 2 -S protein 
coding region which comprises: a) cultivating the 
transfected host eukaryotic cell of this invention 
under culture medium conditions which enable 
such host to express such protein; and b) isolating 
such particles. Preferably, such transfected host is 
able to secrete such proteins assembled into such 
particles into the medium. Preferably, such method 
additionally comprises the addition of heavy metal 
ions or steroid hormones to such culture medium 
to enhance the expression of the proteins. The 
present invention also relates to the particles pre- 
pared by such method. 

The present invention also relates to a vaccine 
comprising an immunoprotective amount of the 
particles of this invention. 

The present invention also relates to a method 
for detecting the presence of antibodies to proteins 
coded for by the PreSi-PreS^S protein coding re- 
gion in a sample of mammalian blood sera which 
comprises: 

a) contacting the sample with a solid substrate 
coated with non-labeled particles of this inven- 
tion; 

b) incubating and washing said contacted 
sample; 

c) contacting said contacted sample with 
labeled particles of this invention thereby pro- 
ducing a labeled contacted sample; 

d) incubating and washing said labeled con- 



tacted sample; and 

e) determining the extent of labeled particle in 
the labeled contacted sample. 

s The present invention also relates to a method 
for detecting the presence of proteins coded for by 
the PreS,-PreS 2 -S protein coding region in a sam- 
ple of mammalian blood sera which comprises: 

a) producing a composition containing an anti- 
70 body produced by an immunogen comprised 

by the particles of this invention; 

b) contacting the sample with a first portion of 
the composition and the immunogen which 
has been labeled, incubating and washing the 

75 first portion; 

c) contacting an antigen-free control with a 
second portion of the composition and the 
immunogen which has been labeled, incubat- 
ing and washing the second portion; 

20 d) adding the same amount of staphylococci 
bearing protein A to the composition of steps 
b) and c) above, incubating both compositions 
and separating liquid from solids; and 
e) determining the extent of labeled im- 

25 munogen in each of the resultant compositions 

from step d) above. 

The present invention also relates to a diagnos- 
tic kit for detecting the presence of antibodies to 
30 proteins coded for by the PreS,-PreS a -S protein 
coding region in a sample of mammalian blood 
sera whch comprises: 

a) unlabeled proteins comprising the particle 
of this invention attached to a solid support 

36 and 

b) labeled antibodies to human IgG or IgM, for 
example. 

The present invention also relates to a diagnos- 
40 tic kit for detecting the presence of proteins coded 
for by the PreS.-PreSa-S protein coding region in a 
sample of mammalian blood sera which comprises: 
a) antibodies, produced by the particles of this 
invention, attached to a solid support; and 
45 b) labeled antibodies, produced by the par- 

ticles of this invention. 

The present invention also relates to a co- 
transfected eukaryotic host ceil co-transfected with 

so a recombinant DNA vector of this invention and a 
second recombinant DNA vector comprising the 
PreSj-S protein coding region, or only the S protein 
coding region, and an MMT-promoter. Preferably, 
the second recombinant vector additionally com- 

55 prises a transcription termination site and, option- 
ally, a selection marker. Optionally, the co-transfec- 
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ted host is co-transfected with the recombinant 
DNA vector of this invention, the second recom- 
binant DNA vector and a third recombinant DNA 
vector comprising an MMT-promoter and a selec- 
tion marker. Preferably, the third recombinant vec- 
tor additionally comprises a transcription termina- 
tion site. Additionally, this invention relates to a 
method of preparing such co-transfected host cell 
which comprises co-transfecting a eukaryotic cell 
with the recombinant DNA vector of this invention, 
the second recombinant DNA vector described 
above, and, optionally, the third recombinant DNA 
vector described above. 

The present invention also relates to a method 
for preparing particles comprising at least one pro- 
tein coded for by the entire PreS,-PreS*-S protein 
coding region which comprises: a) cultivating the 
co-transfected host eukaryotic ceil of this invention 
under culture medium conditions which enable 
such host to express such protein; and b) isolating 
such particles. Preferably, such co-transfected host 
is able to secrete such proteins assembled into 
such particles in the medium. Preferably, such 
method additionally comprises the addition of 
heavy metal ions or steroid hormones to such 
culture medium to enhance the expression of such 
proteins. This invention also relates to the particles 
prepared by such method. 

This invention relates to a recombinant DNA 
concatamer comprising: a) a vector comprising the 
PreS,-PreSrS protein coding region and at least 
one vector comprising one of the following coding 
regions: PreS,-PreS*-S protein coding region or 
PreSa-S protein coding region or S protein coding 
region; and b) the MMT promoter. Such con- 
catamer preferably additionally comprises a selec- 
tion marker and a transcription termination site. 
Such concatamers can be prepared by techniques 
known in the art 

This invention also relates to a host eukaryotic 
cell transfected with the concatamer of this inven- 
tion. Such host is preferably a mammalian cell. 
Additionally, the invention relates to a method of 
preparing such transfected host ceil with the con- 
catamer of this invention which comprises transf ac- 
ting a eukaryotic cell with the concatamer of this 
invention. 

This invention also relates to a method for 
preparing a particle comprising at least one protein 
coded for by the entire PreS,-PreS 2 -S protein cod- 
ing region which comprises: a) cultivating the trans- 
fected host of this invention, which comprises the 
concatamer of this invention, under culture medium 
conditions which enable such host to express such 
protein; and b) isolating such particle. Preferably, 
such transfected host is able to secrete such pro- 



teins assembled into such particles into the me- 
dium. Preferably, such method additionally com- 
prises the addition of heavy metal ions or steroid 
hormones to such culture medium to enhance the 
5 expression of the proteins. This invention also re- 
lates to the particles prepared by such method. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Figure 1 includes a partial restriction en- 
donuctease map of plasmid pBPV342-12. Fig- 
ure 1 also illustrates the location of plasmid 
pML2-derived DNA, bovine papilloma virus 
(BPV) DNA, the MMT-promoter and the sv- 
PAS-t transcription termination region on plas- 
mid pBPV342^12. Figure 1 also illustrates the 
splitting of plasmid pBPV342-12 with the re- 
striction endonudease Bam HI. 
Rgure 2 includes a partial restriction en- 
donudease map of plasmid pA01 which con- 
tains the complete hepatitis B virus genome in 
linear form. Rgure 2 also illustrates the split- 
ting of pAOl with the restriction endonudease 
EqcjRI, ligation of the Eco Rl linear HBV prod- 
uct with T4 DNA-ligase to form concatamers 
and splitting of the concatamer product ob- 
tained with the restriction endonudease BgHI 
to generate a specific DNA fragment contain- 
ing the intact DNA coding sequence for the 
PreS,-PreSa-S protein coding region. 
Rgure 3 includes a partial restriction en- 
donudease map of plasmid pDMl and illus- 
trates its construction by ligation of a BamHI 
DNA fragment comprising plasmid pMMT-neo 
with a Bql ll genomic fragment of hepatitis B 
virus encoding the PreS,-PreS*-S protein cod- 
ing sequence. 

Figures 4A and 4B include a partial restriction 
endonudease map of plasmid pDM2 and illus- 
trates its construction from ligation of a Bam HI 
restriction endonudease fragment and a Bam 
Hl-Bglll restriction endonudease fragment, 
both from plasmid pDM1. 
Rgure 5 includes a partial restriction en- 
donudease map of plasmid pDM3 and illus- 
trates its construction from pDM1 and pMMT- 
neo. 

Rgure 6 is a graphical representation illustrat- 
ing tire elution pattern of the particles of this 
invention from a BioRad (A5m) column. 
Rgure 7 is a graphical representation of a 
typical isopyenic CsCI centrifugation of the 
particles of this invention from about 30 frac- 
tions from the first peak resulting from the 
BioRad (A5m) column. 

Rgures 8A, 8B and 8C are graphs that iltus- 
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trate seropositive conversion induced in mice 
by different dilutions of purified particles of the 
present invention. 

Figures 9A and 9B include a partial restriction 
endonuclease map of plasmid pENDO-1 and 
illustrates its multi-step construction. 
Figure 10 includes a partial restriction en- 
donuclease map of plasmid pENDO-2 and il- 
lustrates its construction from ligation of re- 
striction endonuclease DNA fragments of plas- 
mid pENDO-1 and plasmid pDM2. 
Figure 11 includes a partial restriction en- 
donuclease map of plasmid pENDO-0 and il- 
lustrates its construction. 



DETAILED DESCRIPTION OF THE INVENTION 

By the term "PreSr PreSa-S protein coding re- 
gion " is meant the region of the HBV DNA genome 
that encodes the entire polypeptide known as the 
PreS,-PreS 2 -S polypeptide, including the codon for 
the initial methionine through to the final termina- 
tion codon (TAA) that specifies insertion of no 
amino acid and directs that translation terminate, or 
any functional derivative of such coding region. 
Proteins coded for by such region include the 
PreS,-PreS 2 -S polypeptide (389 amino acid resi- 
dues in HBV subtype adw. for example), the PreS a - 
S polypeptide (281 amino acid residues in HBV 
subtype adw, for example), and the S polypeptide - 
(226 amino acid residues in HBV subtype adw . for 
example). Preferred PreS,-PreSa-S protein coding 
regions are derived from the following subtypes: 
adr, §yw, advw and a^w. By the term "functional 
derivative" is meant any derivative of the PreS,- 
PreSrS protein coding region which codes for 
polypeptides which, when assembled into a par- 
ticle, function in substantially the same way as the 
particle resulting from the assembly of the poly- 
peptides coded for the native PreS,-PreSa-S protein 
coding region in terms of immunogenic capability. 
Such derivatives include partial sequences of the 
PreS.-PreSa-S protein coding region, as well as 
derivatives produced by modification of such cod- 
ing region. Techniques for modifying such coding 
region are known in the art and include, for exam- 
ple, treatment with chemical or biological 
mutagens, irradiation or direct genetic engineering, 
such as by inserting, deleting or substituting nu- 
cleic acids by the use of enzymes or other recom- 
binant and molecular biological techniques. 

By the term n PreS,-S protein coding se- 
quence" is meant the region of the HBV DNA 
genome that encodes the entire polypeptide known 
as the PreSa-S polypeptide including the codon for 



the initial methionine through to the final termina- 
tion codon (TAA) that specifies insertion of no 
amino acid, as specified above, or any functional 
derivative of such coding region. Proteins coded for 
s by such region include the PreSa-S polypeptide - 
(281 amino acid residues in HBV subtype adw) and 
the S polypeptide (226 amino acid residues in HBV 
subtype adw. for example). Preferred PreS*-S pro- 
tein coding regions are derived from the following 

10 HBV subtypes: adr, avw. advw and adw . By the 
term "functional derivative" is meant any derivative 
of the PreSa-S protein coding region which codes 
for polypeptides which, when assembled into a 
particle, function in substantially the same way as 

is the particle resulting from the assembly of poly- 
peptides coded for by the native PreS 2 -S protein 
coding region in terms of immunogenic capability. 
Such derivatives include partial sequences of the 
PreSa-S protein coding region, as well as deriva- 

20 tives produced by modification of such coding re- 
gion. Techniques which may be employed for 
modifying such coding region are known in the art 
and some have been outlined above. 

By the term n S protein coding sequence" is 

25 meant the region of the HBV DNA genome that 
encodes the entire polypeptide known as the S 
polypeptide including the codon for the initial 
methionine through to the final termination codon - 
(TAA) that specifies insertion of no amino acid, as 

30 specified above, or any functional derivative of 
such coding region. Proteins coded for by such 
region include the S peptide (226 amino acid resi- 
dues in HBV subtype adw, for example). Preferred 
S protein coding regions are derived from the 

35 following HBV subtypes: adr, avw. advw and adw . 
By the term "functional derivative" is meant any 
derivative of the S protein coding region which 
codes for polypeptides which, when assembled 
into a particle, function in substantially the same 

40 way as the particle resulting from the assembly of 
polypeptides coded for by the native S protein 
coding region in terms of immunogenic capability. 
Such derivatives include partial sequences of the S 
protein coding region, as well as derivatives pro- 

45 duced by modification of such coding region. Tech- 
niques which may be employed for modifying such 
coding region are known in the art and some have 
been outlined above. 

By the term "promoter" is meant that DNA 

so sequence within a DNA molecule upstream of a 
gene that directs the appropriate host cell RNA 
polymerase complex to attach to the DNA molecule 
at a specific site on said DNA molecule and to 

55 
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become properly positioned to begin transcription 
of the gene at a specific point on the DNA to result 
in the synthesis of an RNA copy of one of the DNA 
strands. 

By the term "transcription " is meant that pro- 
cess carried out by the host cell biosynthetic ma- 
chinery, including RNA polymerase complexes, 
that, using one of the two complementary DNA 
strands as a template, polymerizes ribonucleotides 
in a sequential fashion, 5 f to 3', (3' to 5" with 
respect to the DNA template strand) to yield an 
exact copy of one of the DNA strands, but contain- 
ing ribonucleotides instead of deox- 
/ribonucleotides. 

By the term "transcription termination se- 
quence" is meant that region within the DNA mol- 
ecule, designated t, that signals to the RNA poly- 
merase complex engaged in the process of tran- 
scription to terminate progress of such transcription 
to yield an RNA molecule that can be processed 
properly, including polyadenylation and transport 
for such RNA molecules that are destined to be 
used as messenger RNA molecules in the host cell 
cytoplasm. 

By the term "polyadenylation" is meant the 
process by which the host cell biosynthetic ma- 
chinery recognizes a specific sequence, usually, 5*- 
AATAAA-3', designated PAS, for polyadenylation 
signal, within the RNA molecule and that directs 
the addition to the 3* end of said molecule some 
15-20 nucleotides downstream (in the direction of 
the 3' end) of a non-template determined poly- 
riboadenylate moiety, specifically added by the en- 
zyme poly-A polymerase. 

By the term "selection marker" is meant a 
gene determinant that, when expressed in the cell, 
confers a specific set of characteristics upon the 
cell that allows such a cell to be distinguished, or 
selected out, from other cells not carrying or ex- 
pressing said gene determinant 

Preferred selection markers include drug resis- 
tance markers. By the term "drug-resistance mark- 
er" is meant a special class of selection markers 
that confer upon a cell expressing such a marker, 
resistance to the lethal effects of a drug or an 
antibiotic that ordinarily blocks growth, or kills, cells 
not carrying or expressing said drug-resistance 
marker. 

Preferred drug resistance markers include the 
coding sequences for the neomycine-resistance 
gene, n§£ the Eco-qpt gene (Mulligan, R.C. and 
Berg, P., Science. Vol. 209, p. 1422, 1980), the 
dihydrofolate reduction (DHFR) gene (Ringold, G. 
et al. J. of Molec. and Aopld. Genet. Vol. 1, p. 165, 
1981). 



By the term "particles comprising at least one 
protein coded for by the entire PreS,-PreSa-S pro- 
tein coding region" is meant a hepatitis B partide, 
devoid of any nucleic acid, formed by the assem- 

5 bly within or from a culture lysate of a euraryotic 
cell transfected with the entire PreS,, PreS* and S 
. region wherein such particle contains subunits 
composed predominantly of the S polypeptide - 
(dimers), but also composed of smaller amounts of 

to the entire PreSt-PreSj-S, optionally, the PreS*-S 
polypeptides. 

This invention relates to a recombinant DNA 
vector comprising the PreS,-PreS*-S protein coding 
region and a MMT-promoter. The MMT-promoter 

is may be incorporated into the DNA vector either in 
addition to the natural promoter for the DN£ se- 
quence (hepatitis B promoter) or in place of the 
hepatitis B promoter. Preferably, the MMT-promot- 
er is located in the DNA vector immediately up- 

20 stream of the PreS,-PreS*-S protein coding region. 
The MMT promoter is operatively linked to the 
DNA sequence which means that the coding region 
is under the control of the promoter. Preferably, 
such vector also comprises a transcription termina- 
ls tion sequence and a selection marker which prefer- 
ably is effective in a eucaryotic cell. Preferably, 
such selection marker is a drug-resistance marker, 
such as the 1 neomycine gene. Preferably, such 
transcription termination sequence is an SV40 ter- 

30 mination site (sv-PAS-t) or more preferably the 
DEF region (mg-PAS-t) of the mouse globin gene. 
The SV40 termination sequence is well-known in 
the art and is described by various references such 
as Mulligan and Berg, Science. Vol. 209, p. 1422, 

35 1980. The DEF region of the mouse globin gene is 
described by Falck-Pederson et al, Ceil. Vol. 40, p. 
897, 1985. Such vector may be prepared by con- 
ventional recombinant DNA and other molecular 
biological techniques. In the most preferable case, 

40 using the mg-PAS-t region, the vector does not 
contain any viral DNA segments and is not on- 
cogenic, i.e. f it will not transform (make cancerous) 
any host cell into which it is introduced. Such 
vector, upon transfection into a host, if it does not 

45 contain an autonomous replication sequence - 
(replicon) capable of functioning in a host transfec- 
ted therewith, integrates into the host chromosome 
and replicates passively with the hosj genome. 
Preferably, the recombinant DNA vector of this 

so invention should comprise the following character- 
istics: 

1) The PreS,-PreSa-S protein coding region. 

2) A MMT-promoter located immediately up- 
stream of the PreSrPreSi-S protein coding 

55 region. 

3) The vector should be able to replicate rn 
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bacteria, or other procaryotic host into which it 
is transformed, for growth, amplification and 
preparation of large quantities of the recom- 
binant vector. Thus, such vector should in- 
clude a bacterial or other procaryotic replicon, s 
i.e., a DNA segment bearing all the functions 
required for autonomous replication and main- 
tenance of the vector extrachromosomally in a 
procaryotic host cell, such as a bacterial host 
cell, transformed therewith. Such replicons are io 
well known in the art 

4) The vector replicon should be small (i.e., 
smaller than 6-8 kilobase pairs) to enable easy 
genetic and molecular biological manipulation 
thereof. 75 

5) The vector should carry a selection marker, 
preferably a drug-resistance marker such as 
ampiciliin, for use in bacterial host cells trans- 
formed therewith. 

6) The vector should carry a second selection 20 
marker, preferably a drug-resistance marker 
such as neomycine, for use as such in 
eukaryotic host cells transfected therewith. 

7) The vector should contain convenient en- 
donuciease restriction sites for cloning. 25 

8) The vector should contain a transcription 
termination and polyadenylation sequence. 

Most preferably, the vector of this invention 
does not comprise an autonomous replicating se- 30 
quence (replicon) capable of functioning in a 
eukaryotic host cell transfected therewith. A pri* 
mary reason for using a non-replicating vector sys- 
tem in eukaryotic host ceils is that all vector sys- 
tems capable of autonomous and extrach- 35 
romosomal replication in a mammalian host 
eukaryotic cell transfected therewith comprise re- 
plicons which are derived from oncogenic viruses. 
It is desirable to employ vectors comprising DNA 
not derived from oncogenic viruses for expressing 40 
DNA sequences encoding polypeptides of phar- 
maceutical imortance, such as the proteins coded 
for by the PreS,-PreS a -S protein coding region. 

The vector of this invention comprises the 
MMT-promoter. The MMT-promoter is a non-viral, 45 
strong transcriptional promoter. The coding se- 
quence of the MMT-promoter is described by Pav- 
lakis and Hamer, Proc. Natl. Acad. Sci. , Vol. 1 1 , p. 
397, 1983. The MMT-promoter is regulable by 
heavy metal ions, such as zinc and cadmium, and so 
by steroid hormones, such as dexamethasone. 
Such regulation is well known (see , e.g., Yagle and 
Palmiter, Molecular and Cellular Biol. Vol. 5, p. 291 , 
1985). 



This invention also relates to a transfected host 
eukaryotic cell transformed with a recombinant 
DNA vector of this invention. Preferably, such host 
is a mammalian cell, most preferably a Chinese 
hamster ovary (CHO) cell line, a vero cell line, an 
L-cell line, or a mouse or rat fibroblastic cell line. 
Such host may be prepared by transfecting a 
eukaryotic cell with a recombinant DNA vector of 
this invention by conventional techniques, such as 
by the method of Graham and van der Eb, Virology 
, Vol. 52, p. 456, 1973, or Wigler, M., C§N, Vol. 14, 
p. 725, 1978. 

This invention also relates to a method for 
preparing a particle comprising proteins coded for 
by the PreS.-PreSt-S protein coding region wherein 
at least one of such proteins corresponds to a 
polypeptide coded for by the entire PreS,-PreS 2 -S 
protein coding region which comprises: a) cultivat- 
ing the transfected host of this invention under 
culture medium conditions which enable such host 
to express such proteins, and b) isolating such 
particle. Preferably, such co-transfected host is 
able to secrete such proteins assembled into such 
particles into the medium. Preferably, heavy metal 
ions or steroid hormones, such as dexamethasone, 
are added to such culture medium to induce the 
MMT-promoter and thereby enhance expression of 
such coding region. Heavy metal ions such as 
cadmium or zinc are most preferred. The optimal 
concentration of heavy metal ions or steroid hor- 
mone contained in the medium can be determined 
by conventional techniques. 

This invention also relates to the particles pre- 
pared by such method. If the transfected host cell 
of this invention secretes such particles directly 
into the culture medium, such particles can then be 
isolated from the culture medium of the transfected 
host of this invention by conventional protein isola- 
tion techniques. If the transfected host cell of this 
invention does not secrete such particles, they are 
obtained from a culture lysate of such host by 
conventional calture lysate techniques. Such par- 
ticles are obtained in glycosylated form and are 
composed of proteins coded for by the PreS,- 
PreSz-S protein coding region, including at least 
one protein coded for by the entire PreS.-PreS^S 
protein coding region. 

This invention also relates to a vaccine com- 
prising an immunoprotective amount of the particle 
of this invention. By "immunoprotective amount" is 
meant that quantity (preferably 1-20 ug) of the 
particles of this invention required to induce and 
maintain a level of antibody in the host sufficient to 
neutralize the infectious agent and prevent prolif- 
eration and subsequent disease by said infectious 
agent. 
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The particle of the subject invention contains 
no viral DNA components and therefore is free 
from undesirable side effects commonly found in 
naturally-derived vaccines, such as unintentional 
infection with the virus r allergic reactions, fevers, s 
and the like. The vaccine of the present invention 
comprising an immunoprotective amount of the 
particles of this invention can be used to improve 
the HBV immune response and to overcome non- 
responsiveness to hepatitis B virus vaccines which 10 
do not include proteins coded for by the entire 
PreS.-PreSj-S protein coding sequence. 

A vaccine of this invention can be prepared by 
combining an immunoprotective amount of the par- 
ticles of this invention in an appropriate buffer, 75 
such as phosphate buffered saline. The vaccine 
may additionafl comprise an adjuvant, such as alu- 
minum hydroxide and the like. 

Alternatively, the polypeptides comprised by 
the particles of the present invention can be dis- 20 
associated from said particles and reassociated in 
a lipid vesicle. A vaccine against hepatitis B virus 
can be prepared using said lipid vesicles compris- 
ing the polypeptides of the present invention. The 
lipid vesicles in the appropriate concentration can 25 
be used as a vaccine with or without adjuvant such 
as aluminum hydroxide. 

The particles of the vaccine of this invention 
can be employed with a physiologically acceptable 
diluant (medium), such as phosphate buffered sa- 30 
line. 

The vaccine of this invention, comprising an 
immunoprotective amount of the particles of this 
invention, can be prepared and used in the same 
general manner as disclosed in U.S. Patent 35 
4,118,479, the entire contents of which are hereby 
incorporated by reference. 

The vaccine can be administered by subcuta- 
neous, intradermal or intramuscular injection. While 
the preferred route would depend on the particular 40 
vaccine, it is believed that intramuscular injection is 
generally more suitable. Frequency of administra- 
tion will vary depending upon the vaccine. 

This invention also relates to a method for 
detecting the presence of antibodies to proteins 45 
coded for by the PreS,-PreSa-S protein coding re- 
gion in a sample of mammalian blood sera which 
comprises: 

a) contacting the sample with a solid substrate 
coated with non-labeled particles of this inven- so 
tion; 

b) incubating and washing said contacted 
sample; 

c) contacting said contacted sample with 
labeled particles of this invention thereby pro- ss 
ducing a labeled contacted sample; 



d) incubating and washing said labeled con- 
tacted sample; and 

e) determining the extent of labeled particle in 
the labeled contacted sample. 

This invention also relates to a method for 
detecting the presence of proteins coded for by the 
PreSi-PreSi-S protein coding region in a sample of 
mammalian blood sera which comprises: 

a) producing a composition containing an anti- 
body produced by an immunogen comprised 
by the particles of this invention; 

b) contacting the sample with a first portion of 
the composition and the immunogen which 
has been labeled, incubating and washing the 
first portion; 

c) contacting an antigen-free control with a 
second portion of the composition and the 
immunogen which has been labeled, incubat- 
ing and washing the second portion; 

d) adding the same amount of staphylococci 
bearing protein A to the composition of steps 
b) and c) above, incubating both compositions 
and separating liquid from solids; and 

e) determining the extent of labeled im- 
munogen in each of the resultant compositions 
from step d) above. 

This invention also relates to a diagnostic kit 
for detecting the presence of antibodies to proteins 
coded for by the PreS,-PreSj-S protein coding re- 
gion in a sample of mammalian blood sera which 
comprises: 

a) unlabeled proteins comprising the particle 
of this invention attached to a solid support 
and 

b) labeled antibodies to human IgG or IgM, for 
example. 

This invention also relates to a diagnostic kit 
for detecting the presence of proteins coded for by 
the PreSrPreSj-S protein coding region in a sam- 
ple of mammalian blood sera which comprises: 

a) antibodies, produced by the particles of this 
invention, attached to a solid support and 

b) labeled antibodies, produced by the par- 
tides of this invention. 

The present invention also includes diagnostic 
tests for direct detection of hepatitis B surface 
antigens and antibodies, raised to such antigens. 
Radioimmunoassay (R1A) or enzyme-linked im- 
munosorbent assay (ELISA) are employed to de- 
tect HBV antigens containing proteins coded for 
the PreSrPreSa-S coding regions in sera of HBV 
infected animals, such as humans. One diagnostic 
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test includes the following: 

1. A solid substrate containing binding sites 
thereon, such as polystyrene beads, is coated 
with antibodies to particles containing amino 
acid sequences corresponding to those of the 5 
PreS,-PreS 2 -S containing polypeptides; 

2. The coated beads are then washed with, for 
example, Tris buffered saline to remove ex- 
cess antibodies; 

3. The beads are then contacted with a to 
protein-containing solution, such as bovine se- 
rum albumin (BSA) or gelatin, to saturate pro- 
tein binding sites on the beads (to reduce non- 
specific binding). A convenient concentration 

of such protein-containing solution can be em- 75 
ployed, such as 1 mg/mi to 50 mg/ml; 

4. The beads are then washed to remove 
excess BSA or gelatin; 

5. The beads are then incubated with serum 
samples suspected to contain HBV or HBV 20 
surface antigens (normal serum is utilized as a 
control); 

6. The beads are then washed with a solution, 
such as Tris buffered saline solution, and 
mixed with a radio-labeled antibody, such as 25 
n5 Mabeled antibody to HBV surface antigens; 

7. The beads are then incubated; and 

8. The beads are then washed and counted in 
a gamma counter. 

30 

Particles of the present invention coded for by 
the PreS,-PreSa-S protein coding region can be 
employed as a diagnostic tool to detect antibodies 
to the PreSrPreS,-S regions of HBV surface anti- 
gen proteins in a given sample. The PreSrPreSr-S 35 
containing particles are adsorbed on a solid sub- 
strate containing binding sites thereon, for exam- 
ple, polystyrene beads. The substrate is thereafter 
contacted with a substance, for example, gelatin, 
BSA or powdered milk, to saturate the non-specific aq 
binding sites thereon. Thereafter, the substrate is 
washed with a buffered solution and thereafter the 
buffer is removed. A specimen, such as human 
serum, diluted with animal serum, is added to the 
substrate. The resulting mass is then incubated 45 
and washed. Thereafter, radio-labeled, such as 
iodinated (^l), antibodies to human IgG or IgM is 
added to the mass. The resulting mass is incu- 
bated then washed and counted, such as in the 
gamma counter. If the count is higher than the 50 
count obtained for the normal serum control, the 
specimen contains antibodies to the PreS.-PreSj-S 
coding regions of HBV. 



The above procedure for detection of anti- 
bodies to the proteins coded for by the PreS,- 
PreSa-S protein coding region of HBV is believed to 
be applicable as a diagnostic tool in detecting 
hepatitis B virus infection. 

A diagnostic test kit for detecting antigens cod- 
ed for the PreS.-PreSrS protein coding regions of 
the HBV genome in a test sample would include 
the following: 

1. A solid substrate coated with antibodies to a 
particle having amino acid sequences corre- 
sponding to the PreS,-PreSa-S regions of HBV 
surface antigen particles of the present inven- 
tion; 

2. A protein-containing solution to saturate 
protein binding sites on the solid substrate; 
and 

3. A given amount of radio-labeled antibody, 
such as antibody to the HBV surface antigen 
polypeptides. 

Another diagnostic test kit for detecting anti- 
bodies to the proteins coded for by the PreSr 
PreSi-S protein coding region of the hepatitis B 
virus genome in the test sample includes the fol- 
lowing: 

1. A solid substrate havaing adsorbed thereon 
particles containing amino acid sequences 
corresponding to the PreSrPreS a -S coding re- 
gions of the HBV surface antigen proteins of 
the present invention, the substrate being ex- 
posed to a protein-containing solution to satu- 
rate non-specific protein binding sites on a 
solid substrate; and 

2. A given amount of radio-labeled antibodies 
to human IgG or IgM. 

Radio-labeled antibodies used in the above- 
described test kits can be packaged in solution 
form or in lyophilized form suitable for reconstitu- 
tion. In addition, enzyme-linked or fluorescent- 
labeled antibodies can be substituted for the de- 
scribed radio-labeled antibodies. 

The above-described test kit and process for 
detecting antibodies to the PreS.-PreSj-S coding 
region polypeptides of hepatitis B virus can be 
utilized in applications such as detecting HBV in- 
fection in a patient by taking serum from the pa- 
tient and applying the above-described test or us- 
ing the above-described test; and predicting recov- 
ery from HBV infection by taking serum from an 
infected patient and applying the described anti- 
body detection procedures. 
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The test procedures and test kits for antibody 
detection can be used for making qualitative com- 
parisons between different HBV vaccines by taking 
serum from vaccinated patients and then utilizing 
the above-described test procedures or kits for 
antibody detection. In general, all known im- 
munoassays using this antigen as reagent can be 
performed using the PneS,, PreS,, or S-containing 
particles of this invention. Generally, all known im- 
munoassays using antibody-containing serum or 
reagents can be performed using antibody serum 
produced through the use of a peptide produced 
by recombinant DNA techniques of the present 
invention. These immunoassays include all those 
disclosed by Langone and Van Vunakis in Methods 
of EnzvmoloQv. Academic Press, Vols. 70, 73 and 
74. Those assays disclosed in disclosures of the 
following U.S. Patents: 4,459,359; 4,343,896; 
4,331,761; 4,292,403; 4,228.240; 4,157,280; 
4,152,411; 4,169,012; 4,016,043; 3,839,153; 
3,654,090; and Re. 31,006 and Vols. 70, 73 and 74 
of Methods of Enzvmoloov are incorporated herein 
by reference. 

This invention also relates to a co-transfected 
host eukaryotic cell co-transfected with the recom- 
binant vector of this invention and a second recom- 
binant DNA vector comprising the PreSj-S protein 
coding region, or only the S protein coding region, 
and an MMT-promoter. Preferably, the second re- 
combinant vector additionally comprises a tran- 
scription termination site and, optionally, a selec- 
tion marker. Optionally, the co-transfected host is 
co-transfected with the recombinant DNA vector of 
this invention, the second recombinant DNA vector 
and a third recombinant DNA vector comprising an 
MMT-promoter and a selection marker. Preferably, 
the third recombinant vector additionally comprises 
a transcription termination site. Preferably, the sec- 
ond and optional third recombinant DNA vector 
also contain a replicon for growth and amplification 
in a procaryotic host cell, such as a bacterial host 
cell, when such host is transformed with said sec- 
ond or optional third recombinant DNA vector. 

Additionally, this invention relates to a method 
of preparing such co-transfected host cell which 
comprises co-transfecting a eukaryotic cell with the 
recombinant DNA vector of this invention, the sec- 
ond recombinant DNA vector described above, 
and, optionally, the third recombinant DNA vector 
described above. The second and optional third 
recombinant DNA vectors described above can be 
constructed by conventional techniques. If the op- 
tional third vector is not employed, the second 
recombinant DNA vector preferably additionally 
comprises a selection marker, such as a drug 
resistance marker. Preferably, if the second and/or 



optional third recombinant DNA vector comprise a 
transcription termination site, such site is the mg- 
PAS-t termination site. Preferably, in the second 
recombinant DNA vector described above, the 

5 MMT-promoter is located in such vector imme- 
diately upstream of the PreSa-S protein coding 
region. Preferably, in the optional third recombinant 
DNA vector described above, the MMT-promoter is 
located in such vector immediately upstream of the 

w selection marker. Preferably, neither the second 
recombinant vector nor the optional third recom- 
binant vector described above contain any non- 
HBV viral DNA segments and are non-oncogenic. 
Thus, upon transfection into a host such preferred 

75 vectors integrate into the host chromosome and are 
replicated passively with the host genome. 

The vector of this invention, the second recom- 
binant DNA vector described above, and, option- 
ally, the third recombinant DNA vector described 

20 above are co-transfected into a eukaryotic host in 
pairwise combinations, or ail three vectors together, 
using conventional methods. Alternatively, the vec- 
tor of this invention, the second recombinant DNA 
vector and, optionally, the third recombinant DNA 

25 vector are transfected into a eukaryotic host in a 
series of steps. Initially, the vector of this invention 
is transfected into a eukaryotic host according to 
the method of this invention to produce the trans- 
fected host of this invention. Subsequently, such 

30 transfected host is then transfected with the second 
recombinant DNA vector described above, and, 
optionally, the third recombinant DNA vector de- 
scribed above according to conventional methods 
to produce the co-transfected host of this invention. 

35 Preferably, the vector of this invention, the sec- 
ond recombinant DNA vector and the optional third 
recombinant DNA vector comprise selection mark- 
ers different from each other to- enable identifica- 
tion of the newly-transfected host at each subse- 

40 quent transfection step leading to the final transfec- 
ted host of the invention. Such secondary transfec- 
tion steps are carried out in order to increase the 
gene copy number of the PreS,-PreS*-S protein 
coding region comprised by the multiply transfec- 

45 ted host cell. Preferably, neither the second recom- 
binant vector nor the optional third recombinant 
vector comprise a replicon capable of functioning 
in a eukaryotic cell. 

This invention also relates to a method for 

so preparing a particle, produced by the co-transfec- 
ted host of this invention, comprising at least one 
protein coded for by the entire PreS,-PreSi-S pro- 
tein coding region which comprises: a) cultivating 
the co-transfected host eukaryotic cell of this inven- 

55 tion under culture medium conditions which enable 
such host to express such proteins; and b) isolating 

14 
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such particle. Preferably, such co-transfected host 
is able to secrete such proteins assembled into 
such particles into the medium. Preferably, such 
method additionally comprises the addition of 
heavy metal ions or steroid hormones to such 5 
culture medium to enhance the expression of the 
PreSt-PreSj-S protein coding region contained by 
the co-transformed vectors. Heavy metal ions, par- 
ticularly zinc or cadmium, are most preferred. The 
optimal concentration of heavy metal ions or to 
steroid hormones contained in the medium can be 
determined by conventional techniques. This inven- 
tion also relates to the particles prepared by such 
method. If the co-transfected host of this invention 
secretes such particles directly into the culture 75 
medium, such particles can then be isolated from 
the culture medium of the co-transformed host of 
this invention by conventional protein isolation 
techniques. If the co-transfected host does not se- 
crete such particles into the culture medium, then 20 
they are obtained from a culture lysate of such co- 
transfected host by conventional culture lysate 
techniques. Such particles are isolated in 
glycosylated form and are composed of proteins 
coded for by the PreS,-PreS 2 -S protein coding re- 25 
gion t the PreS a -S protein coding region, and the S 
protein coding region. 

This invention also relates to a vaccine com- 
prising an immunoprotective amount (Preferably 1- 
20 ug) of the particles produced by the co-transfec- 30 
ted host of this invention. 

The particle produced by the co-transfected 
host of the subject invention contains no viral DNA 
components and therefore is free from undesirable 
side effects commonly found in naturally-derived 35 
vaccines, such as unintentional infection with the 
virus, allergic reactions, fevers, and the like. The 
vaccine of the present invention comprising an 
immunoprotective amount of the particles produced 
by the co-transfected host of this invention can be ao 
used to improve the HBV immune response and to 
overcome non-responsiveness to hepatitis B virus 
vaccines which- do not include at least one protein 
coded for by the entire PreS,-PreS 2 -S protein cod- 
ing sequence. 45 

A vaccine of this invention can be prepared by 
combining an immunoprotective amount of the par- 
ticles produced by the co-transfected host of this 
invention in an appropriate buffer, such as phos- 
phate buffered saline. The vaccine may additionally so 
comprise an adjuvant, such as aluminum hydroxide 
and the like. 

Alternatively, the polypeptides comprised by 
the particles produced by the co-transfected host 
of the present invention can be disassociated from 55 
said particles and reassociated in a lipid vesicle. A 



hepatitis B vaccine can be prepared using said 
lipid vesicles comprising the polypeptides of said 
particles of the present invention. The vaccine 
comprising the lipid vesicles may additionally com- 
prise an adjuvant, such as aluminum hydroxide. 

The particles produced by the co-transfected 
host of ths invention comprising the vaccine of this 
invention can be employed with a physiologically 
acceptable diluant (medium), such as phosphate 
buffered saline. 

The vaccine of this invention comprising an 
immunoprotective amount of the particles of this 
invention can be prepared and used in the same 
general manner as disclosed in U.S. Patent 
4,118,479. 

The vaccine can be administered by subcuta- 
neous, intradermal or intramuscular injection. While 
the preferred route would depend on the particular 
vaccine, it is believed that intramuscular injection is 
generally more suitable. Frequency of administra- 
tion will vary depending upon the vaccine. 

This invention also relates to a method for 
detecting the presence of antibodies to proteins 
coded for by the PreS,-PreS 2 -S protein coding re- 
gion in a sample of mammalian blood sera which 
comprises: 

a) contacting the sample with a solid substrate 
coated with non-labeled particles produced by 
the co-transfected host of this invention; 

b) incubating and washing said contacted 
sample; 

c) contacting said contacted sample with 
labeled particles of this invention thereby pro- 
ducing a labeled contacted sample; 

d) incubating and washing said labeled con- 
tacted sample; and 

e) determining the extent of labeled particle in 
the labeled contacted sample. 

This invention also relates to a method for 
detecting the presence of proteins coded for by the . 
PreS.-PreSa-S protein coding region in a sample of 
mammalian blood sera which comprises: 

a) producing a composition containing an anti- 
body produced by an immunogen comprised 
by the particles of this invention; 

b) contacting the sample with a first 'portion of 
the composition and the immunogen which 
has been labeled, incubating and washing the 
first portion; 

c) contacting an antigen-free control with a 
second portion of the composition and the 
immunogen which has been labeled, incubat- 
ing and washing the second portion; 

d) adding the same amount of staphylococci 
bearing protein A to the composition of steps 
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b) and c) above, incubating both compositions 
and separating liquid from solids; and 
e) determining the extent of labeled im- 
munogen in each of the resultant compositions 
from step d) above. s 

This invention also relates to a diagnostic kit 
for detecting the presence of antibodies to proteins 
coded for by the PreS,-PreS a -S protein coding re- 
gion in a sample of mammalian blood sera which to 
comprises: 

a) unlabeled proteins comprising the particle 
of this invention attached to a solid support 
and 

b) labeled antibodies to human IgG or IgM, for 75 
example. 

This invention also relates to a diagnostic kit 
for detecting the presence of proteins "coded for by 
the PreS,-PreSa-S protein coding region in a sam- 20 
pie of mammalian blood sera which comprises: 

a) antibodies, produced by the particles of this 
invention, attached to a solid support: and 

b) labeled antibodies, produced by the par- 
ticles of this invention. 25 

This invention relates to a recombinant DNA 
concatamer comprising: a) a plasmid vector carry- 
ing the PreS,-PreSj-S protein coding region and at 
least one additional plasmid vector comprising one 30 
of the following coding regions: PreS.-PreSa-S pro- 
tein coding region of PreSrS protein coding region 
or S protein coding region; and b) the MMT pro- 
moter. Such concatamer preferably additionally 
comprises a selection marker and a transcription 35 
termination site. 

This invention also relates to a eukaryotic host 
cell transfected with the concatamer of this inven- 
tion. Such host is preferably a mammalian cell. 
Additionally, the invention relates to a method of 40 
preparing such transfected host cell with the con- 
catamer of this invention which comprises transfec- 
ting a eukaryotic cell with the concatamer of this 
invention. 

This invention also relates to a method for 45 
preparing a particle, produced by the transfected 
host of this invention, comprising at least one pro- 
tein coded for by the entire PreS,-PreS*-S protein 
coding region, which comprises: a) cultivating the 
transfected eukaryotic host cell of this invention, so 
which comprises the concatamer of this invention, 
under culture medium conditions which enable 
such host to express such proteins; and b) isolating 
such particle. Preferably, such co-transfected host 
is able to secrete such proteins assembled into 55 
such particles into the medium. Preferably, such 



method additionally comprises the addition of 
heavy metal ions or steroid hormones to such 
culture medium to enhance the expression of the 
PreS.-PreSi-S protein coding region contained by 
the transfected vectors. Heavy metal ions, particu- 
larly zinc or cadmium, are most preferred. The 
optimal concentration of heavy metal ions or 
steroid hormones contained in the medium can be 
determined by conventional techniques. This inven- 
tion also relates to the particles prepared by such 
method. If the host transfected with the concatamer 
of this invention secretes such particles directly 
into the culture medium, such particles can then be 
isolated from the culture medium of the transfected 
host of this invention by conventional protein isola- 
tion techniques. If the transfected host does not 
secrete such particles into the culture mecfium, 
then they are obtained from a culture lysate of 
such transfected host by conventional culture 
lysate techniques. Such particles are isolated in 
glycosylated form and are composed of proteins 
coded for by the PreS,-PreS 3 -S protein coding re- 
gion, the PreSj-S protein coding region, and the S 
protein coding region. 

This invention also relates to a vaccine com- 
prising an immunoprotective amount (preferably 1- 
20 ug) of the particles produced by the host trans- 
fected with the concatamer of this invention. 

The particle produced by the host transfected 
with the concatamer host of the subject invention 
contains no viral DNA components and therefore is 
free from undesirable side effects commonly found 
in naturally-derived vaccines, such as unintentional 
infection with the vims, allergic reactions, fevers, 
and the like. The vaccine of the present invention 
comprising an immunoprotective amount of the 
particles produced by the host transfected with the 
concatamer of this invention can be used to im- 
prove the HBV immune response and to overcome 
non-responsiveness to hepatitis B virus vaccines 
which do not include at least one protein coded for 
by the entire PreS.-PreSa-S protein coding se- 
quence. 

A vaccine of this invention can be prepared by 
combining an immunoprotective amount of the par- 
ticles produced by the host transfected with the 
concatamer of this invention in an appropriate buff- 
er, such as phosphate buffered saline. The vaccine 
may additionally comprise an adjuvant, such as 
aluminum hydroxide and the like. 

Alternatively, the polypeptides comprised by 
the particles produced by the host transfected with 
the concatamer of the present invention can be 
disassociated from said particles and reassociated 
in a lipid vesicle. A hepatitis B vaccine can be 
prepared using said lipid vesicles comprising the 
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polypeptides of said particles of the present inven- 
tion. The vaccine comprising the lipid vesicles may 
additionally comprise an adjuvant, such as alu- 
minum hydroxide. 

The particles produced by the host transfected 
with the concatamer of this invention comprising 
the vaccine of this invention can be employed with 
a physiologically acceptable diluant (medium), such 
as phosphate buffered saline. 

The vaccine of this invention comprising an 
immunoprotective amount of the particles of this 
invention can be prepared and used in the same 
general manner as disclosed in U.S. Patent 
4,118,479. 

The vaccine can be administered by subcuta- 
neous, intradermal or intramuscular injection. While 
the preferred route would depend on the particular 
vaccine, it is believed that intramuscular injection is 
generally more suitable. Frequency of administra- 
tion will vary depending upon the vaccine. 

This invention also relates to a method for 
detecting the presence of antibodies to proteins 
coded for by the PreSrPreSa-S protein coding re- 
gion in a sample of mammalian blood sera which 
comprises: 

a) contacting the sample with a solid substrate 
coated with non-labeled particles produced by 
the host transfected with the concatamer of 
this invention; 

b) incubating and washing said contacted 
sample; 

c) contacting said contacted sample with 
labeled particles of this invention thereby pro- 
ducing a labeled contacted sample; 

d) incubating and washing said labeled con- 
tacted sample; and 

e) determining the extent of labeled particle in 
the labeled contacted sample. 

This invention also relates to a method for 
detecting the presence of proteins coded for by the 
PreSrPreS 2 -S protein coding region in a sample of 
mammalian blood sera which comprises: 

a) producing a composition containing an anti- 
body produced by an immunogen comprised 
by the particles of this invention; 

b) contacting the sample with a first portion of 
the composition and the immunogen which 
has been labeled, incubating and washing the 
first portion; 

c) contacting an antigen-free control with a 
second portion of the composition and the 
immunogen which has been labeled, incubat- 
ing and washing the second portion; 

d) adding the same amount of staphylococci 
bearing protein A to the composition of steps 



b) and c) above, incubating both compositions 
and separating liquid from solids; and 
e) determining the extent of labeled im- 
munogen in each of the resultant compositions 
5 from step d) above. 

This invention also relates to a diagnostic kit 
for detecting the presence of antibodies to proteins 
coded for by the PreS.-PreSa-S protein coding re- 
10 gion in a sample of mammalian biood sera which 
comprises: 

a) unlabeled proteins comprising the particle 
of this invention attached to a solid support 
and 

75 b) labeled antibodies to human IgG or IgM, for 

example. 

This invention also relates to a diagnostic kit 
for detecting the presence of proteins coded for by 
so the PreSi-PreSj-S protein coding region in a sam- 
ple of mammalian blood sera which comprises: 

a) antibodies, induced by the particles of this 
invention, attached to a solid support; and 

b) labeled antibodies, produced by the par- 
25 tides of this invention. 



First Preferred Embodiment 

30 In a first preferred embodiment, one vector of 
this invention includes a vector construction incor- 
porating gene sequences from recombinant plas- 
mids pBPV342-12 (Law et al, Molecular and Cel- 
juter Bjai, Vol, 3, p. 2110, 1983) and pAOl - 

35 (Cummings, LW. et al, Proc. Natl. Aca. Sci.. U.S.A., 
Vol. 77, p. 1842, 1980). Some of the genetic ele- 
ments from these plasmids are combined to create 
a vector of this invention, designated pDM1 (see 
Figure 3). Plasmid pDM1, which contains the gene 

40 segment carrying the PreSrPreSrS protein coding 
region under the control of the natural promoter 
system for said protein coding region, the 
neomycine-resistance gene, the MMT promoter 
and an SV40 PAS-t function, is then introduced by 

45 transfection into any one of a number of eukaryotic 
ceils, such as mammalian cells, to produce high- 
level expression and, preferably, secretion of the 
particles of this invention. 

Plasmid pBPV342-12 (see Figure 1) contains 

so gene sequences including the MMT-promoter, the 
neomycine-resistance gene, an SV40 PAS-t func- 
tion and the bovine papilloma virus (BPV) genome. 
During the construction of plasmid pDM1, plasmid 
PBPV342-12 is subjected to Bam HI digestion, with 

55 the result that the plasmid is split into two DNA 
fragments. Following separation of the fragments, 
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the 7.95 kilobase (kb) fragment, which comprises 
the entire BPV genome, is discarded. The elimina- 
tion of BPV DNA is highly advantageous since it 
precludes inclusion of any BPV DNA or proteins in 
the particle of this invention which is to be used for 
vaccine formulation. The remaining BamH t frag- 
ment (6.65 kb) from pBPV342-12 f which contains 
the gene sequences for the MMT-promoter, the 
neomycine resistance gene and the SV40 PAS-t 
region, is then Iigated, by conventional techniques, 
to a DNA sequence derived from plasmid pAOl, but 
which contains an intact PreSrPreSa-S protein cod- 
ing region (discussed below; see also Figure 2). 

Plasmid pAOl (see Figure 2), which contains 
the entire hepatitis B viral genome, is subjected to 
EcoRI digestion to produce a 3.2 kb fragment The 
3.2 kb fragment is Iigated to itself to produce 
tandem repeats comprising a long concatemeric 
DNA structure containing gene sequences encod- 
ing both the core and surface antigens of hepatitis 
B virus. The method for this manipulation of the 
hepatitis B viral gene sequences, which is neces- 
sary to overcome the permutation caused by mo- 
lecular cloning in plasmid pAOl and to restore a 
functional organization with respect to the PreS,- 
PreS a -S protein coding region, is that of Cummings 
et al in Proc. Natl. Acad. ScL USA, Vol. 77, p. 
1842, 1980. Through subsequent BgM digestion, 
the HBV core antigen gene segment is eliminated, 
leaving a DNA fragment (2.78 kb) carrying the 
PreS,-PreS a -S protein coding region of the hepatitis 
B virus genome together with the natural promoter 
system (Phb) of such region. 

The linear pBPV342-12 Bam HI fragment (see 
Figure 1) and the pAOWerived Bglll fragment (see 
Figure 2) are then Iigated to produce the recom- 
binant plasmid, pDM! (see Figure 3), which retains 
the natural promoter (P HB ) for the PreS.-PreSa-S 
protein coding region. 

Second Preferred Embodiment 

In a second preferred embodiment of this in- 
vention, the natural promoter in pDM1 is excised 
by a Bglll and BamHI digestion such that the MMT- 
promoter is positioned directly ahead of the PreS*- 
S protein coding region to control transcription of 
said coding region by the MMT-promoter. Follow- 
ing BamH I + Bglll digestion three discrete DNA 
fragments are obtained (see Figures 4A and 4B): 

1) a 5.1 kb fragment containing a polyadenyla- 
tion site and the MMT-promoten 

2) a 3.0 kb fragment containing the neomycine 



resistance gene and the natural promoter; and 
3) a 1.4 kb fragment containing the PreS^S 
protein coding region. 

5 Following purification, the 5.1 and the 1.4 kb 

fragments are Iigated using conventional tech- 
niques to produce recombinant plasmids (6.46 kb) 
containing the PreS*-S protein coding region, now 
under the control of the MMT-promoter. Because 

w the relative orientations of the two Iigated frag- 
ments are random and two different plasmid types 
are produced, only one of which exhibits the cor- 
rect transcriptional reading orientation from the 
MMT-promoter into the surface antigen gene se- 

75 quences, the correct functional plasmid, pDM2, is 
ascertained by EcoR I + Xbal digestion of purified 
plasmid candidates. The plasmid with the correct 
orientation yields a 2.1 and a 4.4 kb fragment 
following this digestion. 

20 A bacterial strain. HB101, containing pDM2, 
was deposited at Deutsche Sammiung fOr M&roor- 
ganismen, GSttingen, under the depository number 
DSM 3285 on April 4, 1985. 

25 Third Preferred Embodiment 

In a third preferred embodiment, the MMT- 
promoter is spliced to a HBV gene segment con- 
taining the PreS.-PreSa-S protein coding region in 
30 such a way as to eliminate the natural promoter 
system and place said coding sequence under the 
direct control of the MMT-promoter (see Figure 9). 

Fourth Preferred Embodiment 

35 

In a fourth preferred embodiment, the mouse 
globin gene mg-PAS-t segment recovered from 
plasmid pBR322. G2, is substituted as a 
polyadenylation-termination (PAS-t) signal for the 
40 SV40 PAS-t region. The substitution of mg-PAS-t 
provides DNA transfer vectors without any non- 
HPV viral genomic portions (see Figures 9, 10 and 
11). 

45 Fifth Preferred Embodiment 

A fifth preferred embodiment is a method of 
preparing plasmid DNA mixed concatamers, am- 
plifying the gene copy number by ligation of high 
so ratios of plasmids containing gene constructs en- 
coding the PreS.-PreSj-S, PreSa-S or S protein 
coding regions to plasmids containing the drug- 
resistance marker, for subsequent transfection into 
cell iines. 
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Piasmids pBR322. G2, POLINK 23456, and 
pBlg12.8 were deposited at the American Type 
Culture Collection, Rockville, Maryland, under the 
accession numbers 67073. 67072 . 67075. respec- 
tively, on April 11, 1986 . 

In the following Examples, the preparation of 
the recombinant DNA vectors, hosts and particles 
of this invention, as well as the incorporation into 
mammalian cell lines is described in more detail. 
The following examples are for illustrative purposes 
only and are not intended to limit the invention in 
any way. 

EXAMPLES 



MATERIALS AND PROCEDURES 



A. ORIGIN AND DESCRIPTION OF MAMMALIAN 
CELL LINES. 



1. L-Cells. 

NCTC clone 929 was derived in March 1948 
by K.K. Sanford, W.R. Earle and G.D. Likely (i, 
N§L Cancer ]n§k Vol. 9, pp. 229, 1948) from the 
parental strain L established in 1940 by W.R. Earle 
(J. Nat Cancer Inst, Vol. 4, pp. 165, 1943). The 
parent strain L was derived from normal subcutane- 
ous areolar and adipose tissue of a 100 day-old 
male C3H/An mouse, and clone 929 was estab- 
lished (by the capillary technique for single cell 
isolation) from the 95th subculture generation of the 
parent strain. 
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LM(TK"), a sub-line of mouse L cells, was 
isolated by D.R. Dubbs and S. Kit (S. Kit et al, Egg. 
CeH Ses,, Vol. 31, pp. 297-312, 1963; and D.R. 
Dubbs & S. Kit, Exg. £§H Qgg,, Vol. 33, p. 19, 
1964), and is deficient in thymidine kinase. It is 
unable to grow in medium containing HAT. No 
spontaneous reversion of HAT-resistance has been 
observed in this cell line, and it seems most likely 
that a deletion involving this gene has occurred. 

Number of Serial Subcultures from Tissue of Qr± 
gjn: 648; clone, 553. 

Freeze Medium: Culture medium, 90%; DMSO 
10%; antibiotic-free. 

Viabiijt£ 81-96% (dye exclusion). 

Culture Medium: DMEM + 10% FBS (Dulbecco's 
and Vogt's Modified Eagle's Medium + 10% FBS). 

fffQwth Characteristics gf Thawed Cells: An in- 
noculum of 6-8 x 10 s cells in 5 ml of above culture 
medium per T-25 flask, yields a 500-fold increase 
within 7 days at 37°C, provided the medium is 
renewed two times weekly and the pH is adjusted 
to 7.3 with a humidified mixture of 5% or 10% 
carbon dioxide in air. Subcultures are prepared by 
scraping or shaking. Cells also grow well on other 
media (Waymouth's, Eagle's, NCTC135, etc.) sup- 
plemented with 10%-30% horse serum. 



Plating Efficiency: 70% 

35 Morphology: Fibroblast-like. 

Karvoloov: Chromosome Frequency Distribution 
100 Cells: 2n = 40. 



Cells: 



2 2 



40. 



4 12 16 17 4 13 



Chromosomes: 56-58 59 60 61 62 63 64 65 66 67 68 69 



Cells: 2 2 11 6 

Chromosomes: 70 71-76-82-125-241 



Long metacentric chromosome with secondary 
constriction noted in 77/100 cells. 

Sterility: Tests for mycoplasma, bacteria and fungi 
were negative. 



so 

Species: confirmed as mouse by mixed agglutina- 
tion and hemagglutination tests. 

Virus Susceptibility: Susceptible to pseudorabies 
55 virus and vesicular stomatitis (Indian Strain) virus. 
When the cells were cultured in the above culture 
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medium, Herpes simplex B virus, and vaccinia pro- 
duced cytopathic effects in the first passage only. 
The susceptibility to certain viruses may vary with 
the culture medium employed. Not susceptible to 
poiiovirus type 1, Coxsackie virus type B-5 and 
polyoma virus. 

TumoriQenicitv: An innoculum of 1 x 10* cells per 
mouse was injected subcuntaneously into nude 
mice. In non-irradiated mice, 0/25 tumors were 
produced- in mice x-irradiated (425 r, whole body) 
11/18 tumors (sarcomas) were produced at the site 
of injection. 

Reverse Transcriptase: Positive. 

Submitted. Prepared and Characterized Bv: Ameri- 
can Type Culture Collection, Rockville, Maryland. 

2. Vero Cells. 

The Vero ceil line was initiated from the kidney 
of a normal, adult, African green monkey on March 
27, 1962, by Y. Yasumuar and Y. Kawakita at the 
Chiba University in Chiba, Japan (Nippon Rinsho. 
Vol. 21, p. 1209,1963). 

Number of Serial Subcultures from Tissue of Ori- 



gin: 121 

Freeze Medium: Minimum essential medium - 
(Eagle) with non-essential amino acids and Earie's 
5 BSS, 85%; fetal bovine serum, 5% dimethyl sulfox- 
ide (DMSO), 10%; antibiotic-free. 

Viability: Approximately 97% (dye exclusion). 

ro Culture Medium: DMEM, 5% FBS 

Growth Characteristics of Thawed Cells: An in- 
noculum of 3 x 10 5 viable cells in 3 ml of the 
above culture medium per T-25 flask, yields a 30- 
15 fold increase within 7 days at 37°C, provided the 
medium is renewed three times weekly and the pH 
is adjusted to 7.4 with a humidified mixture of 5% 
or 10% carbon dioxide in air. Subcultures are pre- 
pared by trypsinization. 

20 

Platino Efficiency: Approximately 24% in above 
culture medium. 

Morphology: Epithelial Rbroblast-Iike. 

25 

Karvoloav: Chromosome Frequency Distribution 50 
Cells: 2n = 60. 



30 

Cells; 2122345721 17 22 

Chromosomes: 47-49 59 51 52 53 54 55 56 57 58 59 60 



Sterility: Tests for mycoplasma, bacteria and fungi 
were negative. 

Species: Confirmed as monkey by im- 
munofluorescence test . 

Virus Susceptibility: Susceptible to poiiovirus type 
3, Getah, NNdumu, Pixuna, ross River, Semliki, 
Paramaribo, Kokobera, Modoc, Murutucu, Ger- 
miston, Guaroa, Pongola and Tacaribe Arboviruses. 
Not susceptible to Stratford, Apeu, Caraparu, 
Madrid, Nepuyo and Ossa Arboviruses. 

Reverse Transcriptase: Not detected. 

Submitted. Prepared and Characterized Bv: Ameri- 
can Type Culture Collection, Rockville, Maryland. 



35 

3. CHO-KI Cells. 

The CHO-KI cells were derived as a subclone 
from the parental CHO cell line initiated from a 

40 biopsy of an ovary of an adult Chinese hamster by 
T.T. Puck in 1957 (J. Exp. Med.. Vol. 108, p. 945, 
1958). The CHO-KI cells have a requirement for 
proline and a modal chromosome number of 20 - 
(Proc. Nat. Acad. Sci. . Vol. 60. p. 1275. 1968). The 

45 cells apparently lack the active gene form needed 
for proline synthesis and the block in the biosyn- 
thetic chain lies in the step converting glutamic 
acid to glutamic gamma-semialdehyde. The rever- 
sion frequency to proline independence is approxh 

50 mately IQ^ f Genetics. Vol. 55. p. 513. 1967). 

Number of Serial Subcultures from Tissue of Qjv 
SiOl Approximately 400; 7 at ATCC. 

55 Freeze Medium: Culture medium, 92%; glycerol, 
8%; antibiotic-free. 



20 



39 



0 198 474 



40 



Viability: Approximately 90% (dye exclusion). 

Culture Medium: F-12 Medium (Ham) 90%; fetal 
bovine serum, 10%; antibiotic-free. 

Growth Characteristics of Thawed Cells: An in- 
noculum of 10 s viable cells/ml in the above culture 
medium at 37° C increases 15-20 fold within 7 
days. 



Plating Efficiency: Approximately 90% in above 
culture medium. 



Karvoloav: Chromosome Frequency Distribution 50 
Cells: 2n = 22. 



TO 



Cells: 



2 35 3 4 1 



Chromosomes: 18 19 20 21 22-24-32-39-42 

75 



Sterility: Tests for mycoplasma, bacteria and fungi 
were negative. 

Species: Confirmed as Chinese hamster by 
cytotoxic-antibody dye-exclusion test and isoen- 
zyme analysis. 

Virus Susceptibility: Susceptible to vesicular 
stomatitis (Indiana Strain) and Getah arboviruses. 
Not susceptible to poliovirus type 2, Modoc and 
Button William arboviruses. 

Reverse Transcriptase: Not detected. 

Special Characteristics: The reference cells re- 
quire proline for growth. 

Submitted T.T. Puck, Eleanor Roosevelt In- 
stitute for Cancer Research, University of Colorado 
Medical Center, Denver, Colorado. 

4. NIH/3T3 Cells. 

The NIH/3T3, a continuous cell line of highly 
contact-inhibited cells was established from NIH 
Swiss mouse embryo cultures in the same manner 
as the original random bred 3T3 (ATCC CCL 92) 
and the inbred BALB/c3T3 (ATCC CCL 163). The 
established N1H/3T3 line was subjected to more 
than 5 serial cycles of subcloning in order to de- 
velop a subclone with morphologic characteristics 
best suited for transformation assays. The earliest 
available passages of this subclone are around 120 
beyond the primary embryo culture. The NIH/3T3 
is highly sensitive to sarcoma virus focus formation 
and leukemia virus propagation and has proven to 
be very useful in DNA transfection studies. J. Virol.. 
Vol. 4, pp. 549-553, 1969; £gU, Vol. 16, pp. 63-75 
and 347-356, 1979. 



B. MEDIA, BUFFERS AND SOLUTIONS. 



20 1 • For Mammalian Cell Culture. 



a. Dulbecco's Modified Eagle Medium, High Glu- 
cose (DMEM). 



25 



30 



GIBCO dry powdered medium is prepared and 
supplemented with: 

26mMNaHC0 3 

2 mM L-giutamine (Gibco) 

1 mM Na-pyruvate (Gibco) 

35 60 ug/ml gentamycine or 100 units/ml penicillin + 
100 ug/ml 

1 streptomycin 

40 b. Ham's F1 2. 

GIBCO dry powdered medium is prepared and 
supplemented with: 

45 14 mM NaHCO, 

60 ug/ml gentamycin 

c. Cell Freezing Medium. 

90% (v/v) FBS-DMEM 



50 



10% (v/v) Dimethylsulfoxide 

Freeze medium is prepared just before use. All 
55 media are filter sterilized through 0.45 and 0.2 
micron filters (Gilman). Sterility of media is as- 
sessed by incubating an aliquot of antibiotic-free 
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medium at 37°C for 1 week. Media used in static 
culture is supplemented with 10% FBS. Fetal bo- 
vine serum (FBS) is heat-inactivated at 56°C for 30 
minutes. Sterile medium is stored at 40 °C prior to 
use. 5 



d. Trypsin Solution. 
0.5 g/l trypsin 



0.2 g/l EDTA (tetra sodium) in Hank's Balanced 
Salt Solution 

Since EDTA was found to be toxic for Vero 
cells, EDTA-free trypsin solution is used with these 
cells. 



PBS (phosphate 
buffered saline, 
GIBCO) 
THE. 



183 mM NaCl 

8.6 mM Na 2 HP0 4 

2.2 iaM KK 2 P0 4 

160 mM NaCl 

10 mil Tris, pH 7.5 

1 mM EDTA 



2. For Molecular Biology. 



25 



a. 



Solutions for SDS-PAGE Procedures . 
Acrylamide (Stock) 30% (w/w) Acrylamide 

(BioRad) 

0.8% (w/w) N'N-Meth- 
ylene-bisacrylamide 
(BioRad) 
1.5 M Tris-Cl, 
pH 8.8 

0.4% (w/v) sodium- 
dodecylsul fate 
(SDS) (Serva) 
0.5 M Tris-Cl, 
pH 6.8 

0.4% (w/v) SDS 



4 x buffer for 



separation gel 



4 x buffer for 



spacer gel 



55 
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3 x sample buffer 



10 x electrode 



buffer 



Solut ions for S i 



22.3% (v/v) glycerol 
0.03% (w/v) Brom- 
phenolblue 
6.7% (w/v) SDS 
0.25% m Tris, 
pH 8.2 

1.90 M glycine 
1% (w/v) SDS 
lver Staining Proce- 



dures . 
Solution I 

Solution II 

Solution III 
Solution IV 

Solution V 
Solutions for Nick 



50% (v/v) methanol 
10% (v/v) acetic 
acid 

10% (v/v) methanol 
5% (v/v) acetic acid 
10% glutaraldehyde 
20% AgN0 3 in H 2 0 
(Stock) 

3% (w/v/) Na 2 C0 3 
0.1% (v/v) formalde- 
hyde 
Translation. 



10 x Reaction 
buffer: 



Nucleotide Mix: 



500 mM Tris-Cl # 
pH 7.2 
100 mM MgS0 4 
1 mM DTT 
100 mM dGTP 
100 mM dATP 
100 mM dTTP 
in 10 mM Tris, 
pH 7.5 
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Solutions for Hybridization , 



20 x SSC 

50 x Denhardt's 
solution 



3 M NaCl 

0.3 M Na 3 -citrate 
1% (w/w) Ficoll 400 
(PL-Pharmacia) 
1% (w/w) Polyvinyl- 
pyrrolidone (Sigma) 
1% (w/w) BSA 



Sterile filtrated 
and stored at 

Prehybridization 
mix 



Hybridization 
mix 



-20°C 

50% ( v/v ) Formami de 
5 x Derihardt 1 s solu- 
tion 
5 x SSC 

50 mil Na-phosphate 
pH 7.0 

250 jig/ml denatured 
salmon sperm DNA 
50% Formamide 
5 x SSC 
20 mM Na-phosphate 
pH 7.0 

1 x Denhardt 1 s solu- 
tion 

100 ^ag/ml denatured 
salmon sperm DNA 
Buffers for Restriction Enzymes . Manu- 
facturers specifications, or: 

Low Salt Buffer Medium Salt Buffer High Salt Buffer 
Sma I Bglll BamH I 

Hpa l Pst I Pvui 

Xba l EcoRI Sai l 

SP£l BstEII (60°C) 
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Restriction Buffers ; 

Low Medium 



Tris, pH 7.4 lOmM 6.6mM 6.6mli 

MgCl 2 10 6.6 6.6 

salt 20 (KC1) 60 (NaCl) 150 (NaCl) 

£-mercaptoethanol 10 6.6 6.6 



f . Media. 

1. L-Eroth: 10 g Bactotryptone 

5 g yeast extract 
10 g NaCl 
1 liter H 2 0 

2. L-Broth agar plates: L-Broth 
containing 15 g/l Difo agar. 

3 . L-Broth-amp agar plates : 
L-Broth agar containing 20-50 

^tag/ial ampicillin. 

2. Radioimmune Assay (RIA). 

In the NML RIA 125-1 "sandwich" radioim- 
munoassay, beads coated with mouse antibody to 
hepatitis B surface antigen (anti-HBs) are incubated 
with serum or plasma and appropriate controls. 
Particles containing polypeptides encoded by the 
PreS,-PreSa-S protein coding region are bound to 
the solid phase antibody. After aspiration of the 
unbound material and washing of the bead, human 
12S l-Anti-HBs is allowed to react with the antibody- 
antigen complex on the bead. The beads are then 
washed to remove unbound ^l-Anti-HBs. 

The radioactivity remaining on the beads is 
counted in a gamma scintillation counter. Speci- 
mens giving counts per minute (cpm) greater than 
or equal to the cut-off value determined by mul- 
tiplying the negative control mean count rate - 
(NCx) by a factor are considered reactive. 



C. ENZYMES. 

The following enzymes are used: 30 

1. Deoxyribonuclease I (Worthington) 

2. DNA-Polymerase I ("Klenow-Fragment") - 
(Boehringer Mannheim) 

3. T4-DNA Ugase (Boehringer Mannheim) 

4. Restriction enzymes: 35 

EsqRI, Xbal, BamHI, Bglll, BsJEH, £q£|, Sail, 
Heal. Sma l. Pvu I, Pstl (Boehringer Mannheim, 
BRL, New England BioLabs) 

5. Lysozyme (SIGMA) 40 

6. Pronase 



D. ANALYTICAL AND QUANTITATIVE PROCE- 
DURES. « 



1. Dye Binding Assay. 

The concentration of total protein in prepara- 
tions of purified particles of this invention is deter- 
mined using the Bio-Rad protein assay kit. This 
method utilizes the Bradford assay, a spec- 
trophotometric means of measuring Coomassie 
Blue binding to protein. Ovalbumin is used as a 
standard. 



3. Immunoprecipitation. 

Cells are grown to 100% confluency in a T75 
flask. The culture medium is then replaced with 5 
ml of methionine-free medium containing 400 uCi 
of L-pS] methionine and 400 uCi of L-t^S] 
cysteine (NEN) for overnight incubation. The me- 
dium is concentrated 10-fold by fractional precipita- 
tion with polyethylene glycol. Concentrated protein 
(about 10 s cpm) is incubated with 10 ul of pre- 
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immune guinea pig serum or with 1 and 10 jxl of 
anti-HBsAg guinea pig serum in 50 ul of TEN - 
(10mM Tris, pH 7.4, 1mM EDTA. 130 mM NaCI) - 
0.5% Tween 20 for 1 hour at 37° C. The im- 
munoglobulin is bound to 20 ill of protein A- s 
Sepharose CI-4B (Pharmacia) for 1 hour at 37°C. 
washed once with TEN-Tween 20 and 500 mM LiCi 
and again with TEN-Tween 20. Samples are elec- 
trophoresed in the SDS-PAGE system described 
below. Gels are fixed for 60 minutes in a solution of w 
10% trichoioro-acetic acid, 10% glacial acetic acid, 
and 30% methanol and incubated in Enlightning - 
(NEN) for 30 minutes. Gels are dried and auto- 
radiographed with KODAK XAR-5 film. 

75 

4. SDS-Polyacrylamide Gel Electrophoresis - 
(PAGE). 

Sample and Gel Preparation . For analysis by 
PAGE, aliquots of purified particles of this invention 20 
are adjusted to 10 ug/ml. From each sample, 10 ul 
are taken and mixed with 10 ul 1 M DTT in 10% 
SDS and 10 ul sample buffer. This mixture is 
boiled 5, 10 or 15 minutes just before loading in 
order to break the 20 nm particles and to generate 25 
monomeric molecules. After adding 10 ul of load- 
ing buffer, the mixture is electrophoresed in a 0.75 
mm thick slab gel (12 x 18 * 0.1 cm) of 12£% 
polyacrylamide -0.4% bisacrylamide, using the 
Laemmli (1970) buffer system at 15mA and 100 V 30 
for 6 hours. Protein bands are visualized by silver 
staining (see Silver Staining section below). 

5. Silver Staining. 

35 

The PAGE gel is stained with silver according 
to Merril et al. (1981). The protein is fixed in the gel 
w'rth a solution of 50% methanol and 10% acetic 
acid for 30 minutes. The gel is washed with a 
solution of 10% methanol and 5% acetic acid for 40 
30 minutes. After incubation in 10% glutaraldehyde 
for 3*0 minues, the gel is washed in deionized H2O 
overnight Following incubation in 0.1% AgN0 3 for 
30 minutes, the gel is subjected to a short wash in 
H 2 0. The stained gel is developed in 100 ml of 3% 45 
Na 2 C0 3 and 30 ul formaldehyde and fixed in 1% 
acetic acid. The gel is sealed in a plastic bag and 
photographed. 

E. Genetic Engineering Procedures. 50 



1. Recombinant DNA Procedures. 



a. Restriction Endonuclease Digestion of Purified 
DNA. 

Per manufacturer's specifications of the par- 
ticular endonuclease. 

b. Plasmid DNA Isolation. 

Large Scale CsCI Plasmid Preparation: 

1. Grow 1 liter of plasmid-bearing cells to 0.5 
OD«o in L-Broth, amplify 12-20 hours with 200 
ug/ml chloramphenicol. 

2. Centrifuge in Sorvai RC5b, 8,000 rpm for 20 
minutes. 

3. Resuspend in 18 ml cold 25% sucrose, 
50mM Tris, pH 8.0. 

4. Transfer to 250 ml Erlenmeyer flask. Keep 
on ice. 

5. Add 6 ml 5mg/ml lysozyme in 250mM Tris, 
pH 8.0, let stand 10-15 minutes. 

6. Add 6 ml 250mM EDTA, pH 8.0 and mix 
gently; incubate 15 minutes on ice. 

7. Add 30 ml detergent mix: 

0.01% Triton X-1 00 
60mM EDTA, pH 8.0 

50mM Tris, pH 8.0 

8. Incubate 30 minutes on ice. 

9. Centrifuge 25,000 rpm. 90 minutes in SW28 
rotor, 4°C. 

10. To supernatant fluid, add pronase to 250 
ug/ml and incubate 30 minutes, 37°C 

11. Phenol extract once with 1/2 volume phe- 
nol equilibrated with TE (10mM Tris, pH ao, 
1mM EDTA). 

12. Remove aqueous layer; add sodium ace- 
tate to 300mM; add 2 volumes cold 100% 
ethanol; mix thoroughly. Hold at -20°C over- 
night. 

13. Centrifuge; resuspend in 6 ml TE-10 - 
(10mM Tris, 10mM EDTA, pH 8.0). 

14. Add 9.4g CsCI, 0.65 ml of 6 mg/ml 
ethidium bromide; make up to 10 ml volume 
with sterile double-distilled water. 

15. Fill Beckman heat-seaiabte gradient tubes; 
centrifuge 48,000 rpm. 40 hr. in Ti70,1 Beck- 
man rotor. 

16. Visualize plasmid bands with UV and re- 
move plasmid DNA with syringe and 18 gauge 
needle by piercing the side of the tube. 

17. Remove ethidium bromide from the plas- 
mid fraction by 3 successive extractions with 
equal volumes of isobutanol. 

18. Dialyze against one 2-liter lot of 10mM 
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Tris, pH 7.4, 1mM EDTA, pH 7.5, 5mM NaCI 
for 2 hours or more at 4°C. 

19. Phenol extract once with 1/3 vol. phenol 
equilibrated with IE as above. 

20. Add NaAc to 300mM, add 2 vol. 100% 
ethanol; precipitate at -20°C overnight, or at - 
70°C for 30 minutes. 

c. Nick Translation . Nick-translation is per- 
formed according to Rigby et al (J. Mol. Biol. . Vol. 
113, pp. 237-251, 1977). The reaction mixture for 
n P-labeling of DNA usually contains 0.5 ug of, for 
example, the Eco Rl-Xbal fragment of pDM2, in a 
total volume of 30 ul with 50 mM Tris, pH 7.8, 5 
mM MgCI 2 . 10 mM mercaptoethanol, 0.1 mM 
dATP, 0.1 mM dGTP, 0.1 mM dTTP, 50 uCi M P- 
dCTP, 10 units DNA polymerase I, 3 ul of a 2 * 
10" 5 fold dilution of 1 mg/ml DNase I and is in- 
cubated for 90 minutes at 15°C, yielding 3 x 10 s to 
12 x 10 6 total cpm, i.e. 1 x 10 7 to 5 x 10 7 cpm/ug 
DNA. 

d. Transformation of Competent Bacterial Cells . 
From a dense overnight culture, 1 ml of the bac- 
terial ceil suspension is taken for innoculation of 
100 ml growth medium (L-broth). The cells are 
grown at 37°C to a density of ODe* = 0.7 which is 
reached within 2 hours with vigorous shaking in a 
500 ml Erlenmeyer flask. Growth is stopped by 
chilling the culture on ice for 10 minutes. From this 
culture, 3 ml is taken for harvesting the exponential 
bacterial cells at 3,000 rpm for 5 minutes. The cells 
are resuspended in 1.5 ml of 50 mM CaCI 2 in 10 
mM Tris, pH 8.0, and incubated on ice for another 
15 minutes. The cells are harvested once more by 
centrlfugation of 3,000 rpm for 5 minutes and re- 
suspended in 200 ul of 50 mM CaCI 2 in 10 mM 
Tris, pH 8.0, and kept at 4°C overnight. 

Thereafter, the ligation mixture was filled up 
with 10 mM Tris, pH 7.5, 1 mM EDTA, to a total 
volume of 70 ul and added to the 200 ul bacterial 
cell suspension for DNA take-up. 

The mixture was incubated on ice for 30 min- 
utes, then 1 ml L-broth was added and the mixture 
was incubated at 42°C for 2 minutes and at 37°C 
for 40 minutes. After the incubation, the cells were 
spread on agar plates containing 50 ug 
ampicillin/ml agar at volumes of 50 ul up to 300 ul 
of the cell suspension per plate. The agar plates 
were incubated at 37°C overnight. After this in- 
cubation period, single isolated bacterial colonies 
were formed. 

e. Southern B|ot Analysis . To characterize the 
organization within the host cell genome of the 
vectors of this invention, chromosomal DNA from 
cell lines producing particles of this invention is 
isolated and digested with the appropriate restric- 



tion enzyme(s) and analyzed by the method of 
Southern (J. Mol. Biol. . Vol. 98, pp. 503-517, 1975) 
using a ^P-labeled DNA probe. Following digestion 
of the chromosomal DNA (20 ug) with restriction 

s enzymes EcoRI and Xbal, the resulting fragments 
are separated by 0.7% agarose gel elec- 
trophoresis. Thereafter, the DNA is denatured by 
exposing to 366 nm UV light for 10 minutes and by 
incubation in a solution of 0.5N NaOH and 1 M 

to Nad for 45 minutes. The gels are neutralized by 
incubation in 0.5M Tris, 1.5 M NaCI, pH 7.5 for 60 
minutes. The DNA is transferred to a nitrocellulose 
filter by soaking in 3 M NaCI, 0.3 M NaCitrate - 
(20XSSC) for 20 hours through the gel by covering 

75 the top of the nitrocellulose filter with a staple of 
dry paper towels. The nitrocellulose filter is kept for 
2 hours in a vacuum oven at 80 °C. 

The radioactive DNA probe from the EcoRI- 
Xbal fragment of the pDM1 plasmid (4.3 kb) is 

20 prepared by nick-translation. 

For hybridization with the DNA probe, the ni- 
trocellulose filter is sealed in a plastic bag contain- 
ing 10 ml of prehybridizatibn mixture : 50% for- 
mamide, 5 x SSC, 50 mM sodium-phosphate, pH 

25 7.0, 5 x Denhardt's solution, 250 ug/ml denatured 
salmon sperm DNA. The filter is incubated in this 
mixture for 4 hours at 45°C, after which the pre- 
hybridization mixture is replaced by the hybridiza- 
tion mixture: 50% formamide, 5 x SSC, 20 mM Na 

30 phosphate, pH 7,0, 1 x Denhardt's solution, 100 
ug/ml denatured salmon sperm DNA, 5 x 10 5 
cpm/ml B P-probe. The filter, after incubating in the 
hybridization mix for 18 hours at 45°C, is washed 
three times, 5 minutes each, in 0.1 x SSC, 0.1% 

35 SDS at 50°C. The filter is dried at 60°C for 10 
minutes and exposed to two X-ray films (XAR-5, 
KODAK) between two intensifying screens and kept 
at -80 W C. The first X-ray film is developed after 3 
days' exposure; the second film after 7 days* expo- 

40 sure. Hybridization of the labeled DNA probe tp 
one of cellular DNA restriction fragments from tran- 
sfectants which produce particles of this invention 
demonstrates that the cellular DNA does in fact 
contain the integrated vector of this invention. 

45 Since the cellular DNA restriction pattern, as elu- 
cidated by the Southern blot procedure, is Identical 
to that of the original plasmid construct, no major 
rearrangement of plasmid DNA occurred upon in- 
tegration into the host cell DNA. 

50 

2. Transfection of Mammalian Cell Lines and Iden- 
tification of Clones Producing Particles of this In- 
vention. 

55 
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Cells are transfected using the calcium phos- 
phate precipitation method of Wigler et al (Cell. 
Vol. 14, p. 725, 1978). Cells are then split 1:6 into 
new culture dishes, and cells which have received 
the drug-resistance marker gene (neo) are selected 
by growth in G418-containing medium. After 10 
days of growth in selective medium, drug-resistant 
colonies are cloned into micro-trter plates. Levels of 
expression of the particles of the present invention 
are assessed by the RIA technique after the cells 
have reached confluency. 

Tissue culture dishes (100 mm diameter) are 
innoculated with 5 * 10 s cells and incubated over- 
night at 37°C. Four hours prior to transfection, the 
culture medium is replaced with fresh medium. 
DNA to be transfected is suspended in 1 ml of 
solution containing 250 mM NaHPO*. This calcium 
phosphate -ONA precipitate is added to the cells in 
culture. After an overnight incubation, fresh me- 
dium is added to the cell culture and the cells are 
incubated for an addition two days. 

F. Procedures for Static Cell Culture of Mammalian 
Ceils. 

An ampule of cells held at 196°C in liquid 
nitrogen is thawed quickly by placing the ampule in 
a 37°C water bath for 5 minutes. One ml of the 
freshly-thawed celt suspension is diluted by slowly 
adding 10 ml of the appropriate culture medium. 
Thereafter, the cells are harvested by centrifuga- 
tion, resuspended in 10 ml of culture medium. 
Thereafter, the cells are harvested by centrifuga- 
tion, resuspended in 10 ml of culture medium, 
transferred to a T25 culture flask, and grown in an 
incubator at 37°C and 5% CO a . With these con- 
ditions, the doubling time is in the range of 15 to 
20 hours for L-cells and CHO cells, and 30 to 40 
hours for Vera cells. L-cells and CHO cells can be 
kept alive and growing beyond 100% confluency, 
whereas Vera cells are passaged at 100% con- 
fluency. 

G. Procedures for Mammalian Cell Growth in 
ACUSYST-P and Harvest of Particles of this Inven- 
tion. 



1. Growth and Preparation of Innoculum. 

Cells are maintained in T75 or T150 flasks 
containing DMEM-10% FBS. Roller bottles (850 
cm 2 ) are innoculated with 10-15 x 10 s cells har- 
vested from T-flasks. After 3 to 5 days of growth, 



approximately 10* total cells are harvested from six 
roller bottles and used to innoculate six hollow fiber 
cartridges (HFC's) in an ACUSYST-P made by 
Endotronics, Inc. of Minneapolis, Minnesota USA, 

5 

2. ACUSYST-P Culture and Harvest of Particles of 
this Invention. 

After innoculation, the HFC f s are inserted into 
w the ACUSYST-P culture system, and the medium 
flow rate through the cartridges is adjusted to and 
mintained at 50 ml/hr. Medium is assayed daily for 
pH, pOz, glucose and lactate. After 2 to 3 weeks of 
growth, a 600 ml fluid volume is harvested two 
is times weekly from the extracapillary space of each 
ACUSYST-P hollow fiber cartridge. Production of 
particles of the subject invention is assayed by the 
radioimmunoassay (RIA). Since freezing destroys 
RIA assayable activity, harvests are stored at 4°C 
20 prior to purification. No protease activity can be 
detected under these conditions as assayed by 
Azocoll substrate proteolysis (SIGMA). 

3. Quality Control Procedures. 

25 

a. Tests for the Presence of Bacteria and 
Funot. A pool of ceils containing about 5 x 10 s 
cells per ml, suspended in the cell culture medium 
from which they were harvested, is tested for the 

30 presence of bacteria and fungi. One ml of ceBs is 
streaked onto trypticase soy agar (BBL) plates, and 
another 1 ml is innoculated into thioglycoiate me- 
dium (DIFCO) to test for the presence of aerobic as 
well as anaerobic bacteria. Fungal contamination Is 

35. assayed by streaking 1 ml of cells onto Sabouraud 
(DIFCO) agar plates. These tests were performed 
on a regular basis to ensure sterility of growth 
medium and absence of bacterial and fungal con- 
tamination in ceil cultures. 

40 b. Test for the Presence of Mycoplasma: Flu- 
orescence Staining. The presence of mycoplasmal 
DNA in the ceil cytoplasm is determined by a 
staining method using the fluorochrome, Hoechst 
33258. This DNA-staining dye fluoresces under uJ- 

45 traviolet light and provides the basis for a very 
rapid and sensitive test for mycoplasmas. The pro- 
cedure involves coverslip cultures of the cells to be 
tested which are used when 50-70% confluent 
After fixing and staining, the coversiips are exam- 

so ined with a fluorescent microscope. Cytoplasmic 
fluorescence indicates the presence of 
mycoplasma 

The stock of the Hoechst 33258 bisbenzamide 
fluorochrome solution is made by dissolving 5 mg 

55 in 100 ml PBS using a magnetic stirrer, ft is steril- 
ized by filtration through a 0.22 urn membrane 
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stored in the dark at 4°C, and diluted a thousand- 
fold with PBS before use. The medium from cover- 
slip cultures, which are 50-70% confluent, is as- 
pirated from the cells and fixed with two changes 
of ethanolracetic acid (3:1) at 4°C. Following one 
wash with deionized water and incubation for 30 
minutes at 37°C with diluted bisbenzamide 
fluorochrome (Hoechst-33258), the coverslips are 
rinsed with deionized water. The coverslips are 
mounted, cell-side down, on a slide using a glyc- 
erol mountant {222. ml 2.1% citric acid; 1 ml H 2 0; 
27.8 ml 2.8% NaaHPA*; 50 ml glycerol pH 5.5). 

c. Tests for the Presence of Viruses. 

1) Tests iQ Sell Cultures . Tester cells are ex- 
amined for normal morphology during an incuba- 
tion period of at least 14 days after innoculation 
with a suspension of the cell line being tested. In 
addition, on days 3-5, and again after the 12th day, 
at least 4% of the innoculated tester cultures is 
washed and tested for hemadsorption using red 
cells from sheep or humans. Tests are read after 
the cultures have incubated for 30 minutes at 3°- 
4°C and again after 30 minutes at 34°-37°C. Re- 
sults of tests for virus-infected cells which absorb 
erythrocytes indicate no viral contamination. 

2) Tests jn Animals . Cells to be tested are 
suspended in 140 mM NaCI, 2.7 mM KCI, 8.1 mM 
Na 2 HPO«, pH 72 at a concentration of 10* per ml 
and are innoculated into different groups of ani- 
mals. In one group, at least 10 animals from at 
least two litters of suckling mice are innoculated. 
Each animal is innoculated with 0.1 ml cells in- 
traperitoneally and 0.01 ml intracerebrally. The 
mice are observed daily for at least 14 days. Each 
mouse that dies after the first 24 hours of the test, 
or is sacrificed because of illness, is necropsied 
and examined for evidence of viral infection. Such 
examination involves additional testing by in- 
tracerebral and intraperitoneal subinnoculation of 
appropriate tissue suspensions into an additional 
group of at least five suckling mice following by 
daily observations for 14 days. In addition, a blind 
passage is made from a single pool of the emul- 
sified tissue (minus skin and viscera) of all mice 
surviving the original 24-day test. 

In another group, 10 adult mice are also in- 
noculated. Each animal is innoculated with 0.5 ml 
cells intraperitoneally and 0.03 cells intracerebrally. 
The animals are observed for four weeks and any 
that become sick or show abnormality is examined 
to establish the cause of illness. Results of the 
tests in animals for the presence of contaminating 
viruses indicate no viral contamination. 



d. Testing for TumoriQenicitv . A suitable test 
for tumorigenicity using nude mice (nu/nu) involves 
innoculating 20 animals within 24 hours of birth 
with 0.1 ml of potent serum. The injection is given 

s either by the intramuscular or subcutaneous route 
and is repeated on days 2, 7 and 14 of life. One 
million reference tumor cells routinely produces 
progressively growing tumors and metastases. One 
million viable cells of the candidate cell line are 

70 innoculated by the subcutaneous route at any site 
at which developing tumors can be palpitated (the 
limbs are suitable). The animals are observed for 
21 days for evidence of nodule formation at the site 
of injection, and measurements are made periodi- 

75 cally to determine whether there has been progres- 
sive growth. At the end of the 21 -day observation 
period, all animals are sacrificed and examined for 
gross evidence of tumor formation at the site of 
injection and in other organs such as the lymph 

20 nodes, lungs, kidneys and liver. AH tumor-like le- 
sions and all innoculation sites are examined 
histopathologically. In addition, since some cell 
lines may form metastases without evidence of 
local tumor growth, the lungs and regional lymph 

25 nodes of all animals are examined histologically. 

For the purpose of this test, a progressively 
growing tumor is defined as a palpable nodule that 
increases in size over the 21 -day observation pe- 
riod and that shows viable and mitotically active 

30 innoculated cells when examined histologically. 
The presence of microscopically viable cells in 
association with a stationary or regressing nodule 
is not considered a progressively growing tumor. 

35 H. Purification of the Particles of this Invention. 



1. Fractional Precipitation with Polyethylene Glycol 
(PEG). 

40 

Medium from the extracapillary space is har- 
vested from the ACUSYST-P culture system and 
pooled into volumes of 3000 ml. To each volume, 
180 g of PEG 8000 (SIGMA) are added, dissolved 

45 by stirring at room temperature for 20 minutes and 
stirred for another 3 hours at 4°C. The precipitate 
is collected by centrifygation in 500 ml bottles in a 
GS 3 rotor at 4500 rpm (3000 x g) for 30 minutes 
at 10°C. The supernatant is collected and 180 g of 

so PEG 8000 are again added and dissolved at room 
temperature as described above. The solution is 
stirred at 4°C for an additional 3 hours. The 
precipitate from this solution is collected as de- 

55 
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scribed above except that centrifugation is per- 
formed at 9000 rpm (15.000 * g) for 60 minutes. 
The pellet is resuspended in 20 ml of phosphate 
buffered saline (PBS). 

5 

2. Gel Filtration Chromatography. 

The material obtained after PEG precipitation, 
and redfssolved in PBS, is submitted to gel filtra- 
tion chromatography using BioRad A-5m resin at w 
4°C. Column dimensions are 25 1 1000 mm, and 
the bed volume is 480 ml. In a typical fractionation 
run, 1000 ug of PEG-precipitated particles of this 
invention in a volume of 10 to 15 ml is loaded and 
eluted with PBS or TNE at a speed of 6 75 
drops/minute (18 ml/hr) in fractions of 3 ml. Figure 
6 shows the profile of RIA-assayable material elut- 
ed from an A-5m column. The solid line indicates 
the 280 nm absorbance of each fraction, and the 
dots indicate amount of material calculated from 20 
the RIA results. 

3. Isopycnic Centrifugation in CsCI. 

About 30 fractions covering the first peak re- 25 
suiting from gel filtration column chromatography 
and containing partially purified particles of this 
invention are pooled (approximately 100 ml). This 
solution is adjusted to a density of 1.30 g/cc with 
CsCI and subsequently transferred to mitrocel- 30 
lulose tubes fitting into a SW 27/28 rotor - 
(Beckman). Gradients are set by underlaying 4 ml 
of a CsCI solution of 1.35 g/cc and by overlaying 4 
ml of 1.25 g/cc and 4 ml of 1.20 g/cc density. 
Gradients are run at 28,000 rpm for 50 hours at 35 
10°C, fractionated, and the purified particles in the 
1.20 g/cc density layer at the top of the gradient - 
(Figure 7) is collected. Purified particles are well 
separated from the small amount of contaminating 
protein banding in the middle of the gradient The 40 
solution was desalted by dialysis, first against war 
ter, then against 3 changes of saline, over a 24- 
hour period. 

As a further quality control measure, a portion 
of this gradient-purified material is submitted to 45 
linear CsCI-gradient centrifugation. A single peak of 
purified particles appears as expected at 1.2 g/cc. 

L Preparation of the Adjuvant of Purified Particles 

of this Invention and Stability Testing. 50 

In order to prepare an adjuvant of the vaccine 
of this invention, 1/10,000 volume Thimerosol, and 
1/10 volume of filter-sterilized 0.2 M AI K(S0«),:12 
H 2 0 are added to the desired concentration of 55 
antigen in sterile saline. The pH is adjusted to 5.0 



with sterile 1N NaOH and the suspension is stirred 
at room temperature for 3 hours. The alum- 
precipitated antigen is recovered by centrifugation 
for 10 minutes at 2000 rpm, resuspended in sterile 
normal saline containing 1:10,000 Thimerosol, and 
aliquoted under sterile conditions. 

To determine the stability of the particles of 
this invention absorbed to alum, the antigen was 
recovered by resolubilizing the alum in 3% sodium 
citrate followed by successive dialyses against 3% 
sodium citrate and PBS. The quantitiy of particles 
of this invention is then determined by paralieHIne 
radioimmune assay against dilutions of a purified 
HBsAg standard in PBS-50% newborn calf serum. 

Table 1 



Stability Testing Parameters 

Samples: two each of bulk and alum absorbed 
Sample Concentration: 5 ug/ml 
Storage Container glass vials 
Storage Temperature: 2°-8°C 
Tests: (a) Qualitative: SDS-PAGE 
(b) Quantitative: Radioimmunoassay 
Example 1 



Bcpression of Particles Comprising PreSl-Pres2-S 
Protein Coding Region Polypeptides 



A. Preparation of Recombinant Plasmid pMMT-rteo. 

The plasmid pBPV342-12 was digested with 
the restriction-endonudease BamH I (see Rgure 1 
and Materials and Procedures). Two DNA mol- 
ecules were generated: one molecule (7.95 kb) 
comprises the entire genome of bovine papilloma 
virus (BPV); the other molecule (6.65 kb) contains 
part of the bacterial plasmid pML2 (pBR322 de- 
leted for the "poison sequence 1 *), the mouse metal- 
lothionein promoter (pMMT), the neomycine resis- 
tance gene (n^) and the SV40 PAS-t (see Rgure 
1). When ligated to itself (circularized), this frag- 
ment gives rise to plasmid pMMT-neo (see also 
Rgure 5) (ATCC No. 67074). 
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The reaction was performed in a total volume 
of 400 ul of reaction buffer (see Materials and 
Procedures) at a final concentration of 02 ug/ul 
pBPV342-12 DNA; and 80 units of Bam HI at 37° C 
for 4 hours. The completion of the digest was s 
checked by agarose gel electrophoresis in a 0.7% 
agarose gel (see Materials and Procedures). The 
reaction was stopped by adding 40 ul of 8 M LiCt 
and the DNA was precipitated with 1 ml of ethanol 
at -80°C for 30 minutes. The precipitated DNA was to 
resuspended in 100 ul of 10 mM Tris, pH 7.8. 

B. Isolation of a Fragment Containing the Entire 
Pres1-Pres2-S Protein Coding Region Along with 
the Natural Promoter of Transcription. 75 

The preparation and cloning of the HBV 
genome, subtype adw. is described by Cummings, 
I.W. et al in Proc. Natl. Aca. Sci.. U.SA, Vol. 77, p. 
1842, 1980. The circular HBV genome was linear- 20 
ized at the unique EcoR I site for cloning into bac- 
teriophage lambda gtWES and for subcloning in a 
bacterial plasmid to yield plasmid pAOl (see Fig- 
ure 2). Since the Eco RI restriction site lies within 
the PreS,-PreS 2 -S protein coding region, the latter 25 
is interrupted when in the Eco RI linear form. To 
regenerate an intact PreSrPreS^S protein coding 
region, the 3.2 kb Egg Rl insert of pAOl was 
isolated and separated from the plasmid DNA by 
digesting 100 ug of pAOl in a total volume of 400 30 
ul of reaction buffer (see Materials and Proce- 
dures) containing 200 units Eco RI for 4 hours at 
37°C. The 3.2 kb insert DNA was separated from 
the plasmid DNA by preparative 0.7% agarose gel 
electrophoresis (see Materials and Procedures). 35 
The DNA was electro-eluted from the agarose gel 
on DE 81 Whatman ion exchange filter from which 
the DNA is removed in a high salt solution. The 
DNA was purified by one phenol/chloroform extrac- 
tion and two ethanol precipitations. The purified aq 
linear 3.2 kb E00RI fragment encoding the com- 
plete HBV genome was then subjected to self- 
ligation at a high DNA concentration in order to 
favor formation of concatamers: 30 ug of EcoRI 
fragment DNA was ligated in a total volume of 50 4s 
Ul of reaction buffer containing 1.8 units T4 DNA 
ligase and 2 mM ATP at 15°C for 1 hour and at 
4°C overnight; therafter, the DNA was purified by 
two phenol/chloroform extractions, one chloroform 
extraction, followed by two ethanol precipitations. so 
The pelleted DNA was resuspended in 20 ul of 10 
mM Tris, pH 7.8, and digested with restriction 
enzyme BgMI in a total volume of 50 ul of reaction 
buffer (see Materials and Procedures) containing 
50 units of Bg\\\ at 37°C for 4 hours. 55 
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The DNA fragments generated by this reaction 
were separated by 1.5% agarose gel elec- 
trophoresis. The 2.78 kb size BgMI fragment con- 
taining the intact PreS,-PreS a -S protein coding re- 
gion, together with its natural promoter system 
necessary for expression of the surface antigen 
polypeptides, was isolated from the agarose gel 
and purified as described above (see Rgure 2). 

C. Insertion of the Fragment Containing the PreS1- 
PreS2-S Protein Coding Region into the pMMT-neo 
Plasmid: Construction of pDM1 . 

From a DNA solution prepared as described 
under part A. above, 1 ul was taken and mixed with 
5 ul of the 2.78 kb BgJII fragment (0.25 ug/ul) 
described under part B. above. 

The mixture was submitted to a ligation reac- 
tion at a total volume or 10 ul of reaction buffer 
containing 0.9 units of T4 DNA ligase at 15°C for 1 
hour and at 4°C overnight 

Bacterial celts, preferably HB101, were made 
competent for taking up DNA in a transformation 
reaction according to the method described in Ma- 
terials and Procedures. The ligation mixture was 
made 10 mM Tris, pH 7.5, 1 mM EDTA, in a total 
volume of 70 ul and added to 200 ul competent 
bacterial cell suspension for DNA take-up. 

The mixture was incubated on ice for 30 min- 
utes, then 1 ml L-broth was added and the mixture 
was incubated at 42 °C for 2 minutes and at 37°C 
for 40 minutes. After the incubation, the cells were 
spread on LB agar plates containing 50 ug 
ampicillin/ml at volumes of 50 ul up to 300 ul of 
the cell suspension per plate. The agar plates were 
incubated at 37°C overnight After this incubation 
period, single isolated bacterial colonies were 
screened for the presence of the pMMT-neo bac- 
terial plasmid containing the desired 2.78 kb Bal ll 
DNA fragment insert (see Rgure 3). 

Screening was preferentially performed by the 
colony hybridization procedure. For this procedure, 
single colonies were picked with a toothpick and 
transferred to an LB-ampicillin-containing agar plate 
in a grid format to allow identification of the clones. 
The plate was incubated overnight at 37°C. 

The colonies were transferred to a nitrocel- 
lulose filter by layering the filter on the agar sur- 
face until the filter was wet The filter was quickly 
peeled off and sequentially transferred to three 
layers of Whatman 3M paper, each of them either 
soaked in 0.5 M NaOH, or 1 M Tris, pH 7.0; 1.5 M 
NaCI/0.5 M Tris, pH 7.4, or 2 X SSC. The filters 
were placed on the soaked paper, colony-side up, 
during the lysis of the cells and the following neu- 
tralization and fixing procedures. 
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After the fitters were dried in air, they were 
baked at 80 °C in vacuum. Thereafter, the nitrocel- 
lulose filters were submitted to DNA hybridization 
with a radioactively labeled DNA probe made from 
the 2.78 kb Bglll fragment containing the PreS,- 
PreSrS protein coding region, prepared as de- 
scribed in part B above, by nick-translation (see 
Materials and Procedures). 

The nitrocellulose filter was incubated in a pre- 
hybridteation mix containing 50% formamide, 20 
mM sodium phosphate buffer, pH 6.6; 1 X Den- 
hardts solution; 100 ug/ml denatured salmon 
sperm DNA and 1 x 10 7 cpm ^P-labeled DNA 
which was melted in 0.2 N NaOH at 68°C for 10 
minutes. 

The filter was incubated in this mixture for 16 
hours at 45°C. Thereafter, the filter was washed 
twice in 2 X SSC, 0.1% SDS, for 5 minutes each 
cycle at room temperature and twice in 0.1XSSC, 
0.1% SDS, for 15 minutes each cycle at 50°C. The 
fitters were exposed to an X-ray film (preferably 
3M) between two screens at -80°C for two days. 

Colonies containing the recombinant piasmid 
carrying the cloned 2.78 kb BgHI fragment ap- 
peared as black spots. Four out of 50 colonies 
were identified and the piasmid DNA of these colo- 
nies was isolated in minipreparations according to 
Bimboim and Doiy, Nucl. Acids Res.. Vol. 7, p. 
1513, 1979, and analyzed by restriction en- 
donuclease digestion by a Bq»! and Xbal double 
digest The analyses confirmed the intended con- 
struction explained above (see Figure 3). 

D. Substitution of the Natural Promoter for the 
PreSl-PreS2-S Protein Coding Regions by the 
Metallothionein Promoter Construction of pDM2. 

The piasmid pDMI described above was sub- 
mitted to complete digestion with the restriction 
enzymes Bgl ll and BamH I in a total volume of 100 
Ul containing 20 ug of piasmid DNA and first with 
50 units Bglll in reaction buffer containing 6.7 mM 
Tris, pH 7.8; 6.7 mM MgCI 2 ; 6.7 mM 0-mercap- 
toethanol, at 37° C for 4 hours; then the salt con- 
centration was raised to 150 mM NaCI and the 
digestion was completed by addition of 40 units 
Bam HI at 37° C overnight Three fragments were 
generated, the large fragment being 5.1 kb, the 
medium fragment being 2.97 kb and the small 
fragment being 1.4 kb. These fragments were sep- 
arated by preparative 0.7% agarose gel elec- 
trophoresis from which the (5.1 kb and 1.4 kb) 
fragments were isolated electrophoretically using 
DE 81 Whatman ion exchange filter. 



The DNA was removed from this filter by in- 
cubation in high salt for 4 hours at 4°C and purified 
by phenol/chloroform extraction and two ethanol 
precipitations. The DNA was resuspended in 20 ill 

s of 10 mM Tris, pH 7.8. One ul was checked for 
purity and estimation of quantity by agarose gel 
electrophoresis. 

The large (5.1 kb) fragment containing the 
metallothionein promoter at the Bgl If end was 

10 ligated to the small (1 .4 kb) fragment containing the 
PreSa-S protein coding region, but not the natural 
promoter or the PreS, portion of that gene. The 
large fragment also contained the natural 
termination-polyadenylation signal (hb-PAS-t) nec- 

T5 essary for expression of the hepatitis B PreSa-S 
protein coding region (see also Rgure 4). 

Because the large fragment also contains the 
bacterial piasmid, it is possible that self-ligation of 
this fragment will propagate itself without incor- 

20 porating the small size BamH I fragment Therefore, 
10 til of the total 20 ul preparation of the large 
fragment were subjected to treatment with alkaline 
phosphatase by adding 28 units of this enzyme 
and incubating at 37° C for 20 minutes. The reac- 

25 tion was stopped by adding 1 ul 50 mM EGTA and 
incubating at 68°C for 10 minutes. The DNA was 
purified by two ethanol precipitations in 0.8 M LiCI. 

The pelleted DNA was resuspended in 10 ul 
10 mM Tris, pH 7.8, of which 5 ul was taken as a 

30 control and checked for self-iigation and another 5 
ul was mixed with 5 ul of the electrocuted small - 
(1.4 kb) Bam HI fragment Ligation of each sample 
was performed in a total volume of 20 ul as de- 
scribed above. Transformation on HB101 bacterial 

35 cells was carried out as above. 

Twelve single colonies were picked and grown 
in 2 ml cultures and the piasmid DNA was isolated 
according to Bimboim and Doly, suora. The pias- 
mid DNA was checked for the insertion and ori- 

40 entation of the small size BamH I fragment by a 
double digest with the restriction enzymes EcoR l 
+ Xba L 

Two of the twelve piasmid DNAs have the 
small (1.4 kb) BamH I fragment inserted in the 
45 same orientation as thajnetallothionein promoter. 

These piasmid DNAs are grown in mass cul- 
ture and prepared for introduction by co-transfec- 
tion into eukaryotic cells. 

Alternatively, the EcoRl/Bqlll (1.9 kb) fragment 
so from piasmid pMMT-neo carrying the metal- 
lothionein promoter is used for substituting the 
short (32 b.p.) EcoRl-Bam HI fragment in front of 
the PreSa-S protein coding region in pDM1 to give 
piasmid pDM3, as illustrated in Rgure 5. 

55 
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E. Introduction of the Recombinant DNA Vectors 
Obtained Under Parts C. and D. above into Mam- 
malian Cells and the Establishment of Cell Lines 
Producing Particles of this Invention. 

5 

The recombinant plasmids, pDM1 and pDM2 f 
were co-transfected into mouse L cells, vero - 
(African green monkey) cells, CHO cells, and 3T3 
mouse fibroblasts by standard transfection proce- 
dures (Graham and van der Eb, Virology. Vol. 52, w 
p. 456, 1973, supra ) (See Materials and Proce- 
dures). Cells which take up and maintain the plas- 
mid DNA are resistant to the drug G418 and sur- 
vive in the selective medium containing this drug. 
Cells which do not take up the DNA do not survive 75 
in the selective medium. These cells are detected 
as single clones on the surface of a culture plate. 
The cells were picked with a cloning cylinder and 
propagated to prepare for mass culture in a con- 
ventional manner in a usual nutrient medium, e.g., 20 
Dulbecco's modified Eagle medium supplemented 
with 10% calf serum and 500 ug G418 per ml (see 
Materials and Procedures). Five of these clones 
were established as cell lines, and designated 
ENDO-I, -II, -III, -IV, and -V, and frozen stocks were 25 
prepared (see Materials and Procedures). The pro- 
duction rate of these cell lines in static culture was 
determined by radioimmune assay (RIA; see Ma- 
terials and Procedures) and compared to the pro- 
duction rate of known cell lines. On the average, 20 
the cell lines according to the invention produced 
500 ng to 1 ,000 ng of the particle of this invention 
per ml of culture medium per day. 

F. Acusyst-P Culture of Cell Lines Producing the 35 
Particles of the Invention. 

Approximately 10 9 total cells grown in 
DMEM + 10% FBS in six roller bottles (see Materi- 
als and Procedures) were used to innoculate six 40 
hollow fiber cartridges in the Acusyst-P culture 
system (see Materials and Procedures). Approxi- 
mately 600 ml fluid volume was harvested two 
times weekly from the extracapillary space of each 
Acusyst-P hollow fiber cartridge and stored at 4°C 45 
prior to purification. The concentration of the par- 
ticles of this invention was assayed by RIA (see 
Materials and Procedures). 



G. Purification Particles of the Invention from 
Acusyst-P Culture Medium. 

Particles containing proteins coded for by the 
PreS.-PreSj-S protein coding region produced by 
the novel cell lines were purified by polyethylene 
giycl (PEG) precipitation, gel filtration and isopyc- 
nic ultracentrifugation in CsCI gradients (see be- 
low). 

1. Fractional Precipitation with Polyethylene Glycol 
(PEG). 

Medium from the extracapillary space was har- 
vested from the ACUSYST-P culture system and 
pooled into volumes of 3000 ml. To each volume, 
180 g of PEG 8000 (SIGMA) were added, dissolved 
by stirring at room temperature for 20 minutes and 
stirred for another 3 hours at 4°C. The precipitate 
was collected by centrifugation in 500 ml bottles In 
a GS 3 rotor at 4500 rpm (3000 x g) for 30 
minutes at 10°C. The supernatant was collected 
and 180 g of PEG 8000 are again added and 
dissolved at room temperature as described above. 
The solution was stirred at 4°C for an additional 3 
hours. The precipitate from this solution was col- 
lected as desribed above except that centrifugation 
was performed at 9000 rpm (15,000 x g) for 60 
minutes. The pellet was resuspended in 20 ml of 
phosphate buffered saline (PBS). 

2. Gel nitration Chromatography. 

The material obtained after PEG precipitation, 
and redissolved in PBS, was submitted to gel filtra- 
tion chromatography using BioRad A-5m resin at 
4°C. Column dimensions were 25 x 1000 mm, and 
the bed volume was 480 ml. In a typical fractiona- 
tion run, 1000 ug of PEG-precipitated particles of 
this invention in a volume of 10 to 15 ml is loaded 
and eluted with PBS or TNE at a speed of 6 
drops/minute (18 ml/hr) in fractions of 3 ml. Figure 
6 shows the profile of the particles of this invention 
eluted from an A-5m column. The solid line in- 
dicates the 280 nm absorbance of each fraction, 
and the dots indicate the quantity of the particles of 
this invention in each fracton as calculated by RIA. 

3. Isopycnic Centrifugation in CsCI. 

About 30 fractions covering the first peak re- 
sulting from gel filtration column chromatography - 
(see Figure 6) and containing partially purified par- 
ticles of this invention were pooled (approximately 
100 ml). This solution was adjusted to a density of 
1.30 g/cc with CsCI and subsequently transferred 
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to nitrocellulose tubes fitting into a SW 27 or SW 
28 rotor (Beckman). Gradients were set by under* 
laying 4 ml of a CsCI solution of 1.35 g/cc and by 
overlaying 4 ml of 1.25 g/cc and 4 ml of 1.20 g/cc 
density. Gradients were run at 28,000 rpm for 50 
hours at 10°C t fractionated, and the purified anti- 
gen in the 1.20 g/cc density layer at the top of the 
gradient was collected. The particles of this inven- 
tion were well separated from the small amount of 
contaminating protein banding in the middle of the 
gradient (see Figure 7). The solution was desalted 
by dialysis against three changes of saline over a 
24-hour period. 

As a quality control measure, a portion of this 
gradient-purified material was submitted to linear 
CsCl-gradient centrifugation. A single peak of the 
particles of this invention appeared as expected at 
1.2 g/cc. 



H. Characterization of the Particles of this Invention 
Produced by Cell Lines. 

The purity and physical identity of the poiypep- 
s tides of the particles of this invention in prepara- 
tions are established by conventional laboratory 
techniques, such as. radioimmune assay, inr> 
munoprecipitation and SDS-PAGE (see Materials 
and Procedures). 

70 

I. Purity Determinations. 



a. Determination of Levels of Contaminating Plas- 
75 ma Proteins. 

The levels of various serum proteins in prep- 
arations of purified prticles of this invention are 
assessed by the standard RIA technique using 
20 specific antibodies against bovine serum albumin, 
IgA, IgG, IgM, etc. The results shown in Table 2 
show no detectable immunoglobulin contamination 
and only minor albumin contamination. 



Table 2 

Determination of Contaminating 
Plasma Proteins by RIA 



Protein % of Total Proteins 
Albumin 0.05 
IgG 0.2 
IgA 0.2 
IgM 0.2 



b. Determination of Levels of Contaminating Host 
Cell or PreS1-PreS2-S Nucleic Acid Sequences in 
Purified Preparations of the Particles of this Inven- 
tion by the Dot Blot Procedure. 

A dot-blot hybridization is performed on puri- 
fied particles of this invention in order to check for 
contaminating PreS,-PreSj-S DNA sequences or 
host chromosomal DNA sequences. For each spot, 
a 100 ng quantity of purified particles of this inven- 
tion in 40 jllI 0.25 N NaOH is heated at 68°C for 10 
minutes. As a positive control, 20 pg of recom- 
binant plasmid pDM1 DNA of this invention in 40 ul 
0.25 N NaOH is treated the same way. Immediately 
after denaturation in NaOH, the solution is spotted 



onto a nitrocellulose filter. The following treatment 
of the filter and the hybridizing procedures are 
analogous to those described for the Southern Blot 

45 procedure, except that the "P-labeied probe is a 
50:50 mixture of chromosomal DNA and plasmid 
DNA of this invention containing the PreS,-PreS*-S 
protein coding region. As expected, the hybridizing 
probe gives a strong signal with the recombinant 

50 plasmid DNA of this invention, but only a weak 
background signaJ with the purified particle prep- 
aration. This hybridization pattern indicates no 
PreS,-PreS 2 -S DNA or chromosomal DNA in the 
sample. 
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2. Immunoprecipitation and SDS-Polyacrylamide 
Gel Analysis. 

To determine the pattern of PreSi-PreS2-S 
polypeptides produced by transfectants of this in- 
vention, proteins produced by such transfectants 
are biosynthetically labeled, immunopreciprtated 
and analyzed on SDS-PAGE gels (see Materials 
and Procedures). The eiectrophoretic pattern of 
proteins, isolated from culture medium by im- 
munoprecipitation with antibodies to naturally de- 
rived HBV, was visualized by the silver staining 
procedure. The two major proteins correspond in 
size to nongiycosylated and glycosylated polypep- 
tides encoded by the S protein coding region (24 
kd and 27 kd, respectively). Two minor proteins of 
33 kd and 36 kd correspond in size to the two 
.polypeptides encoded by the PreSj-S protein cod- 
ing region. This method is not sensitive enough to 
detect the small quantities of polypeptides contain- 
ing the PreSt-PreSrS polypeptides, but the pres- 
ence of the proteins encoded by the entire PreS,- 
PreS 2 -S, protein coding region was detected by the 
western immunoblot procedure (see, infra). The 
weak bands at the top of the gel result from ag- 
gregated protein and are also visible with naturally- 
derived HBV particles. Thus, cells transfected with 
the PreS,-PreS 2 -S protein coding region secrete 
proteins which not only react with antibodies 
against the natural product, but also are identical in 
size. The presence of proteins which are identical 
in size to the naturally-occurring glycosylated P 
reS.-PreSa-S, PreS*-S and S polypeptides from the 
hepatitis B virus suggests that glycosylate path- 
ways function normally in these cells. 

3. Immunoblot (Western). 

To establish that each of the polypeptides spe- 
cies appearing in the silver stained SDS-PAGE gel 
system reacts with specific anti-HBV antibody, the 
Western immunoblot procedure was employed. 



Proteins separated in a SDS-PAGE were trans- 
ferred to a nitrocellulose filter (Schleicher & Schull) 
by electroblotting (BioRad) at 4°C, 100 V, 3 hours. 
After transfer, the filter is saturated with proteins in 

5 order to avoid nonspecific binding of peroxidase- 
labeled antibody. To do this, the filter is incubated 
for 1 hour at room temperature in 20% newborn 
calf serum in PBS, and the polypeptides of the 
particle of this invention were made visible by 

70 HBV-specific antibodies conjugated with perox- 
idase. The filter is placed on parafilm and covered 
with a solution of the conjugated antibodies for 3 
hours at room temperature in a wet chamber. The 
filter is washed six times with 0.5% Tween in 

T5 10mM Tris and 5mM CaCI and subsequently cov- 
ered with the chromogen, POD (o- 
phenylenediaminedihydrochloride) in hydrogen per- 
oxide (0.3g/l) in citrate-phosphate-buffer. Stopping 
solution is 0.5 N sulfuric acid. The protein bands 

20 corresponding to all six viral polypeptides appear, 
i.e., all the proteins coded for by the PreS,-PreSa-S 
protein coding region. 

4. Amino Acid Composition of Purified Proteins 
25 Coded for by the PreSl-PreS2-S Protein Coding 
Region Comprising the Particles of this Invention. 

Following acid hydrolysis, the amino acid com- 
position of the purified proteins coded for by the 

30 PreS,-PreSa-S protein coding region is determined 
and compared with the polypeptide composition 
calculated from the nucleotide sequence of the S 
protein coding region, the PreS 2 -S protein coding 
region or the PreSrPreSa-S protein coding region. 

35 The results presented in Table 3 correlate well with 
values predicted from the DNA sequences as well 
as with published results (Shiraishi et al, J. Gen. 
WoL, Vol. 48, p. 31, 1980). In particular, the rela- 
tively high percentage of serine, proline and 

40 leucine is characteristic of these polypeptides. 
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Table 3 



Amino Acid Composition of Purified 
Particles of this Invention 







Residue 


Percent 










EXPECTED 


AMINO 

At- J.1JO 


DETER- 
MINED 


S 


PreS 2 -S 


PreS^— PreS2~S 


ASN + ASP 


5.5 


4.2 


5.2 


7.3 


THR 


7.5 


8.0 


7.9 


7.8 


SER 


12.5 


11.3 


12.0 


10.8 


GLLJ + GLU 


7.5 


4.2 


4.5 


5.1 


PRO 


12.5 


10.8 


10.5 


12.6 


GLY 


8.6 


6.6 


7.1 


8.3 


ALA 


5.0 


2.8 


4.5 


5.4 


VAL 


4.2 


5.2 


5.2 


4.8 


CYS 


3.2 


6.6 


5.2 


3.8 


TIET 


1.9 


2.3 


2.2 


1.9 


ILE 


4.9 


7.5 


7.5 


6.7 


LEU 


12.8 


15.5 


13.9 


12.1 


TYR 


2.0 


2.8 


2.6 


1.9 


PHE 


5.6 


7.5 


6.0 


5.4 


LYS 


2.1 


1.9 


1.5 


1.3 


HIS 


0.9 


0.5 


1.1 


1.9 


ARG 


2.1 


2.4 


3.0 


3.0 




98.8% 


100.1% 


99.9% 


100.1% 



♦Tryptophan is lost in the acid hydrolysis procedure. 
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I. Electron Microscopy of Purified Hepatitis B Par- 
ticles of this Invention. 

In the electron microscope, the purified par- 
ticles of this invention were visualized as spherical 
22 nm particles which are similar to those typically 
formed* by the assembly of hepatitis B S protein 
polypeptides. 

J. Preparation of the Adjuvant of Purified Particles 
of this Invention and Stability Testing. 

In order to prepare an adjuvant of the vaccine 
of this invention, 1/10.000 volume Thimerosol. and 
1/10 volume of filter-sterilized 0,2 M Al K(SO«) 2 :12 
H a O are added to the desired concentration of 
antigen in sterile saline. The pH is adjusted to 5.0 



with sterile 1N NaOH and the suspension is stirred 
at room temperature for 3 hours. The alum- 
precipitated antigen is recovered by centrifugation 
for 10 minutes at 2000 rpm, resuspended in sterile 

s normal saline containing 1:10,000 Thimerosol, and 
aliquoted under sterile conditions. 

To determine the stability of the particles of 
this invention absorbed to alum, the antigen was 
recovered by resolubilizing the alum in 3% sodium 

w citrate followed by successive dialyses against 3% 
sodium citrate and PBS. The quantity of particles 
of this invention was then determined by parallel- 
line radioimmune assay against dilutions of a puri- 
fied standard in PBS-50% newborn calf serum. 

75 Stability testing results (Table 4) show the purified 
particles (either bulk or alum-absorbed) to be sta- 
ble at 2°-8°C for at least 7 months. 



20 



25 



30 



35 



40 



45 



SO 



55 



37 



73 0 198 474 74 

Table 4 
Stability Testing 

SDS— PAGE ; 

Banding Pattern Results 

Bulk Sample Alum Absorbed Sample 

Storage Month 1 2 1 2 

Start normal normal normal normal 

1 

2 

3 

4 

5 

6 

7 



Quantitative Determination by RIA: 



Percent (%) Activity 



Bulk Sample Alum Absorbed Sample 



Storage Month 


1 


2 


1 


2 


Start 


101 




101 




1 


101 


101 


100 


100 


2 


99 


99 


99 


100 


3 


100 


100 


99 


101 


4 


99 


100 


101 


99 


5 


102 


99 


99 


98 


6 


100 


101 


100 


100 


7 


99 


98 


98 


101 



K. Seroconversion and EDwOf the Particles of this 
Invention. 

The seroconversion tests are carried out on 
five groups of ten adult white mice (Rgures 8A, 8B 
and 8C). Gm female 1CR strain swiss mice are 
injected subcutaneously with 1 ml of alum adjuvant 



vaccine containing particles of this invention at the 
so following dilutions: 1/1 (5.0 ug), 1/4 (1.3 ug), 1/16 
(0.31 ug), 1/64 (0.16 ug), and 1/256 (0.078 ug). 
Mice are bled after 28 days, and anti-body titer is 
quantitated by the AUSAB test in comparison with 
the HBIG standard. The serum samples from each 
55 animal were diluted four-fold serially and tested in 
triplicate. 
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The percentage of mice exhibiting a positive 
serotype declined with increasing dilution of par- 
ticles of this invention. The dose resulting in 50% 
of the animals exhibiting a seropositive response - 
(ED M ) is about 0.05-0.25 ug of vaccine containing 
particles of this invention. In general, the serocon- 
version results obtained with the vaccine of this 
invention are indistinguisabie from those obtained 
with the naturally derived vaccine. 

Example 2 



Expression of Particles Comprising PreS1-PreS2-S 
Protein Coding Region Polypeptides 



A. Preparation of Recombinant Plasmid pENDO-1. 

Gene sequences from recombinant plasmids, 
pBglll2.8, pBR322./3G2 (a plasmid made by sub- 
cloning into the EcoRI site of pBR322 the 7 kb 
EggRI 0G2 fragment from plasmid pMB9.j9G2 de- 
scribed by Tilghman, S.M. et a!, Proceeding Natl. 
Acad. Sg., Vol. 75, p. 725, 1978), pDM2. POUNK 



23456 (see infra), and the pMMT-neo plasmid, are 
used in the steps to prepare vector constructions to 
produce recombinant expression vectors having no 
non-HPV viral genomic portions. 

5 Referring to Figures 9A and 9B, the pBglll2.8 

plasmid contains a gene segment (1.34 kb BstEII- 
Heal fragment) containing the PreS.-PreSa-S pro- 
tein coding region and carries the natural strong 
promoter for transcription of the PreSa-S protein 

io coding region, but lacks the natural (weak) pro- 
moter for transcription of the PreS,-PreS 2 -S protein 
coding region, as well as the transcription termina- 
tion functions and the polyadenylation signal. Plas- 
mid pBglll2.8 was subjected to BstEII and Heal 

75 digestion to produce two DNA fragments. Following 
separation by 3.5% polyacrylamide gel elec- 
trophoresis of the fragments, one of them (1.34 
kb), which contains the PreSrPreSs-S protein cod- 
ing region, was purified and retained. The Hpa l end 

20 is blunt The B§JEII end was made blunt by filling 
in (made double-stranded) using DNA polymerase I 
(Klenow fragment) and the four dNTP's using con- 
ventional techniques to give rise to a DNA fragment 
with two blunt ends. 

25 A polylinker plasmid, POUNK 23456, having a 
number of restriction sites contained within the 
polylinker region (below) was employed. 



Xbal Bell Hpal Clal Hindl ll Kpnl BamHI SphI Sad Sail 

gAATTST^^TCT GATCAGTTAACATCCATAAGCTTGGTACC'GGAT CC CGGG CATGCGAG CTCGA*G TC GAC 
EcoRI B^lII Smal Xhol 

Xmal Aval 
Aval 



The polylinker adapter is carried within the EcoRI- 
§all back-bone fragment (3.1 kb) of pBR328. 

POLINK 23456 is digested with Hgal to linear- 
ize the plasmid. Such Hoa l linearized plasmid 
bears two blunt ends. The linear plasmid is then 
blunt-end ligated with the 1.34 kb DNA fragment 
containing the PreS,-PreS 2 -S protein coding region 
obtained from the pBglII2.8 plasmid (above). Since 
the 1 .34 kb fragment can be incorporated into the 
polylinker plasmid in either orientation, the correct 
orientation (clockwise with respect to the natural 
direction of transcription) is ascertained by diges- 
tion with EcoRI, followed by size analysis on 1% 
agarose gels. EgoRI digestion of the plasmid carry- 
ing the PreS,-PreSj-S protein coding region in the 
correct orientation gives rise to two fragments of 
0.4 kb and 4.1 kb; the incorrect orientation gives 
rise to two fragments of 1.0 kb and 3.5 kb. The 
new plasmid containing the PreSrPreSs-S protein 
coding region is then digested with Hoa l and 



"partially" digested with Bam HI. the short (24 b.p.) 
sequence between the Hpa l and Bam HI restriction 
sites is separated from the Hoal- Bam HI "partial" 
back-bone (5.0 kb) and discarded along with the 
fragments in the reaction mixture resulting from 
complete digestion. 

The pBR322.0G2 plasmid is digested with Ba[ I 
(blunt end) and Bglll ("sticky" end) to obtain a 
gene sequence (1.6 kb) containing the mg-PAS-t 
polyadenylation-termination sequence from the 
mouse globin gene. The mg-PAS-t fragment is 
then Hgated into the opened Hoal- Bam HI linearized 
plasmid from above, Ball-to- Hpa l and Bolll-to- 
BamHI (Bglll and BamHI "sticky" ends are iden- 
ticle and therefore are compatible, and suitable for 
ligation to each other), to form a new intermediate 
recombinant plasmid (6.0 kb) containing both the 
PreS,-PreS a -S protein coding region and the mg- 
PAS-t sequence in the correct orientations and 
order. The PreS,-PreS 2 -S protein coding region/mg- 
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PAS-t-containing plasmid is then digested with 
Bglll and Sail, splitting the plasmid into two DNA 
fragments (2.95 kb and 3.05 kb) F as ascertained by 
1% agarose gel electrophoresis. Following diges- 
tion of the 3.05 kb fragment with Pvul to produce s 
two smaller fragments (1.08 kb and 1.98 kb), the 
remaining 2.95 kb Bgl ll-Sall DNA fragment - 
(containing no Pvul site) containing the fused P 
reS,-PreS 2 -S protein coding region/mg-PAS-t seg- 
ments is purified and retained. 70 

The pMMT-neo plasmid, the plasmid formed 
from ligation of the 6.65 fragment obtained in Ex- 
ample 1, Section A (see Figure 9) is then digested 
with Bglll and Sail resulting in two DNA fragments - 
(4.23 kb and 2.42 kb). The 2.42 kb fragment con- 75 
taining the neomycine selection marker and the 
SV40 PAS-t is discarded. The remaining 4.23 kb 
fragment is purified using 0.8% agarose gel elec- 
trophoresis and is then ligated with the Bolll-Sail 
2.95 kb PreS,-PreS,-S protein coding region/mg- 20 
PAS-t DNA fragment obtained above to form a 7.15 
kb recombinant plasmid containing in order the 
MMT-promoter, the PreS,-PreS*-S protein coding 
region and the mg-PAS-t poiyadenylation and ter- 
mination sequence, the plasmid being referred to 2s 
as pENDO-1. The pENDO-1 plasmid contains no 
non-HBV viral genomic portions (see Figure 9). 

B. Preparation of Recombinant Plasmid pENDO-2. 

30 

Referring to Rgure 10, pDM2, which includes 
the MMT-promoter, the PreS*-S protein coding re- 
gion and the protein X .coding region, is digested 
with restriction enzymes Spe l and Sail. The Spel 
restriction site is in the S protein region of the 35 
PreSa-S protein coding region and is unique in 
pDM2, as is the §a[l site downstream of the gene. 
Using these two. enzymes, the plasmid is split into 
two DNA fragments (1.58 kb and 4.88 kb) and the 
1.58 kb fragment, containing the carboxy end of 40 
the PreS 2 -S protein coding region and the protein X 
coding region, is discarded, while the 4.88 kb frag- 
ment is purified and retained. 

The pENDO-1 plasmid is also subjected to 
S^el and Sal I digestion, splitting the plasmid into 45 
two DNA fragments, 1 .9 kb and 5.25 kb. The 1 J9 kb 
fragment containing the carboxy end of the S pro- 
tein region of the PreSj-S protein coding region, 
plus the mg-PAS-t region is purified and retained. 

The two retained DNA fragments (1.9 kb and so 
4.88 kb) are then ligated to produce a new recom- 
binant plasmid (6.8 kb) designated pENDO-2 which 
contains the MMT-promoter, the PreSa-S protein 
coding region and the mg-PAS-t sequence. Plas- 
mid pENDO-2 contains no non-HBV viral genomic 55 
portions (see Rgure 10). 



C. Preparation of Recombinant Plasmid pENDO-0. 

A third new plasmid, referred to as pENDO-0 - 
(see Rgure 11), containing a neomycine selection 
marker, is formed by digesting pMMT -neo. the 
plasmid formed from ligation of the 6.65 kb frag- 
ment obtained in Example 1, Section A (see Rgure 
11), with restriction enzymes Smal (blunt end) and 
Bam HI. The plasmid is split into two DNA frag- 
ments (5.5 kb and 1.15 kb). The 5.5 kb fragment 
containing the MMT-promoter and the neomycine 
selection marker from the pMMT-neo plasmid 
backbone is retained. The latter fragment is then 
ligated with the DNA (1.6 kb) fragment containing 
the Ban-M" mg-PAS-t sequence as described 
with reference to the formation of pENDO-1. The 
resulting 72 kb recombinant plasmid, pENDO-0, 
now contains the MMT-promoter, the neomycine 
selection marker and the mg-PAS-t sequence and 
no viral DNA sequences (see Rgure 11). 

D. Introduction of Plasmid Vectors pENDO-0, 
pENDO-1 and pENDO-2 into Mammalian Ceils by 
Co-transfection. 

The recombinant plasmid vectors pENDO-0, 
pENDO-1 and pENDO-2 are co-transfected into 
mammalian cells, such as mouse L-cells, Vero - 
(African grew monkey) cells, CHO cells and 3T3 
mouse fibroblasts, using standard co-transfection 
procedures. G418-resistant transfectants are iso- 
lated and screened for production of the particles 
of this invention using the RIA method. 

E. Preparation of Mixed Concatamers of pENDO-0, 
pENDO-1, pENDO-2 Plasmid DNAs for Transfec- 
tion of Cell Lines. 

Each of the plasmids, pENDO-1, pENDO-2 and 
pENDO-0, contain a unique restriction site, Pvul . 
which exists within the Amp gene, counterclock- 
wise to the EcoRI restriction site (see Rgures 9, 10 
& 11). Each of the plasmids is digested separately 
with Pvul to linearize. Then such plasmids are 
polymerized to form mixed concatamers with var- 
ious ratios of the different plasmids. For example, 
polymerization of the pENDO-1 and pENDO-0 lin- 
earized plasmids using ligase. such as T4 DNA 
ligase, can form a mixed concatamer with a radio of 
10:1 pENDO-1:pENDO-0, if the input ratio of the 
component linearized plasmids is 10:1 pENDO- 
1:pENDO-0. The resulting pENDO-1/pENDO-0 
mixed concatamer is transfected into a eukaryotic 
cell, such as a mammalian cell, and the cell sub- 
jected to 6418 selection. It is believed, on the 
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average, that every G418-resistant (transfected) cell 
should contain about ten copies of the PreS,-PreS 2 - 
S protein coding region per one copy of the neo 
gene. 

Similarly, the pENDO-0 fragment is polymer- s 
ized with the pENDO-2 fragment by ligase, such as 
T4 DNA ligase, at a ratio of 10:1 pENDO-2:pENDO- 
0 f for example, to form a pENDO-2/pENDO-0 
mixed concatamer. The concatamer is then trans- 
fected into a eukaryotic cell, such as a mammalian 10 
cell. The cells will then be subjected to G418 
selection and on the average each G418-resistant - 
(transfected) cell will contain about ten copies of 
pENDO-1 to pENDO-0, in this example. 

Similarly, pENDO-1, pENDO-2 and pENDOO 75 
are polymerized by ligase, such as T4 DNA ligase, 
to form a mixed concatamer at a ratio of 10:10:1, 
pENDO-1:pENDO-2:pENDO-0, for example. The re- 
sulting mixed concatamer is transfected into a 
eukaryotic cell, such as mammalian cell, and the 20 
cell subjected to G418 selection. On the average, 
the resistant (transfected) cells should contain ten 
copies of pENDO-1 to ten copies pENDO-2 to one 
copy pENDO-0. 

Each of the resulting resistant cells should re- 25 
suit in higher yields of the particles containing the 
proteins encoded by the PreS,-PreS 2 -S protein, 
coding region. 

Applications of Non-Replicating Vectors Compris- 30 
ing the Mouse Metallothionein Promoter to the Ex- 
pression of Other Proteins in Transfected 
Eukaryotic Host Cells 

The invention also comprises recombinant 35 
DNA transfer vectors comprising the MMT pro- 
motor, any functional DNA sequence and additional 
DNA other than viral DNA. 

By the term functional DNA sequence is meant 
any discrete region of DNA derived directly or 40 
indirectly from any source which functions in a host 
eukaryotic cell transfected with the vector of this 
invention as a complete gene expression unit, a 
structural gene, a promoter or regulatory region. 

By complete gene expression unit is means a 45 
structural gene and the promoter and regulatory 
regions required for its transcription and translation. 

By promoter is means any region upstream of 
a structural gene which permits binding of RNA 
polymeraze and transcription to occur. 50 

By regulatory region is meant any region which 
regulates the rate of transcription of the structural 
gene. 

By structural gene is meant a coding sequence 
which serves to be the template for the synthesis ss 
of messenger RNA. 



Preferred structural genes include those coding 
for polypeptides of pharmaceutical importance 
such as a viral antigen, insulin, interferon, and 
lynphokines, rat or human growth hormones, tissue 
Plasminogen Aetivator, alpha-1-antiprypsin and the 
like. Most preferred is rat or human growth hor- 
mone. 

This invention relates to a recombinant DNA 
vector comprising the function DNA sequence and 
a MMT-promoter. The MMT-promoter may be in- 
corporated into the DNA vector either in addition to 
the natural promoter for the DNA sequence or in 
place of the natural promoter. Preferably, the MMT- 
promoter is located in the DNA vector immediately 
upstream of the DNA sequence protein coding 
region. Preferably, such vector also comprises a 
transcription termination sequence and a selection 
marker. Preferably, such selection marker is a 
drug-resistance marker, such as the neomycine 
gene. Preferably, such transcription termination se- 
quence is an SV40 termination site (sv-PAS-t) or 
more preferably the DEF region (mg-PAS-t) of the 
mouse globin gene. Such vector may be prepared 
by conventional recombinant DNA and other mo- 
lecular biological techniques. In the most preferable 
case, using the mg-PAS-t region, the vector does 
not contain any viral DNA segments and is not 
oncogenic, i.e., it will not transform (make can- 
cerous) any host cell into which it is introduced. 
Such vector, upon transfection into a host, if it does 
not contain an autonomous replication sequence - 
(replicon) capable of functioning in a host transfec- 
ted therewith, integrates into the host chromosome 
and replicates passively with the host genome. 

Preferably, the recombinant DNA vector of this 
invention should comprise the following character- 
istics: 

1) The DNA sequence of interest. 

2) A MMT-promoter located immediately up- 
stream of the DNA sequence of interest 

3) The vector should be able to replicate in - 
bacteria, or other procaryotic host into which it 
is transformed, for growth, amplification and 
preparation of large quantities of the recom- 
binant vector. Thus, such vector should in- 
clude a bacterial or other procaryotic replicon, 
i.e., a DNA segment bearing all the functions 
required for autonomous replication and main- 
tenance of the vector extrachromosomally in a 
procaryotic host cell, such as a bacterial host 
cell, transformed therewith. Such replicons are 
well known in the art 

4) The vector replicon should be small (i.e. f 
probably smaller than 6-8 kilobase pairs) to 
enable easy genetic and molecular biological 
manipulation thereof. 
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5) The vector should carry a selection marker, 
preferably a drug-resistance marker such as 
ampicillin, for use in bacterial host cells trans- 
formed therewith. 

6) The vector should carry a second selection 
marker, preferably a drug-resistance marker 
such as neomycine, for use as such in 
eukaryotic host cells transfected therewith. 

7) The vector should contain convenient en- 
donuclease restriction sites for cloning. 

8) The vector should contain a tran-scription 
termination and polyadenylation sequence. 

9) The gene expression unit does not contain 
any viral segments and is not oncongenic. 

Most preferably, the vector of this invention 
does not comprise an autonomous replicating se- 
quence (repiicoo) capable of functioning in a 
eukaryotic host cell transfected therewith. A pri- 
mary reason for using a non-replicating vector sys- 
tem in eukaryotic host ceils is that all vector sys- 
tems capable of autonomous and extrach- 
romosoma! replication in a mammalian host 
eukaryotic cell transfected therewith comprise re- 
plicons which are derived from oncogenic viruses. 
It is desirable to employ vectors comprising DNA 
not derived from oncogenic viruses for expressing 
DNA sequences encoding polypeptides of phar- 
maceutical importance. 

This invention also relates to a transfected host 
eukaryotic cell transformed with a recombinant 
DNA vector of containing the functional DNA se- 
quence this invention. Preferably, such host is a 
mammalian cell, most preferably a Chinese ham- 
ster ovary (CHO) cell line, a vero cell line, an L-cell 
line, or a mouse or rat fibroblastic cell line. Such 
host may be prepared by transfecting a eukaryotic 
cell with a recombinant DNA vector of this inven- 
tion by conventional techniques. 

This invention also relates to a method for 
preparing the proteins coded for by the DNA se- 
quence of interest 

which comprises: a) cultivating the transfected host 
of this invention under culture medium conditions 
which enable such host to express such proteins, 
and b) isolating such proteins. Preferably, such 
transfected host is able to secrete such proteins 

into the medium. Preferably, heavy metal ions or 
steroid hormones, such as dexamethasone, are ad- 
ded to such culture medium to induce the MMT- 
promoter and thereby enhance expression of such 
coding region. Heavy metal ions such as cadmium 



or zinc are most preferred. The optimal concentra- 
tion of heavy metal ions or steroid hormone con- 
tained in the medium can be determined by con- 
ventional techniques. 

s This invention also relates to the proteins pre- 
pared by such method, if the transfected host cell 
of this invention secretes such proteins directly into 
the culture medium, such proteins can then be 
isolated from the culture medium of the transfected 

w host of this invention by conventional protein isola- 
tion techniques. If the transfected host cell of this 
invention does not secrete such proteins , they are 
obtained from a culture lysate of such host by 
conventional culture lysate techniques. 

75 

Example 3 



Expression of Human Growth Hormone 

20 

Preparation of a Recombinant DNA Vector Encod- 
ing Human Growth Hormone, Said Vector Compris- 
ing the Metallothionein Promoter 

25 

A. isolation of a DNA Fragment Containing the 
Human Growth Hormone Gene Without the Natural 
Promoter for Transcription. 

30 

The recombinant plasmid pBR322 containing a 
2 kb EcoR l DNA fragment insert encoding the 
human growth hormone gene (in a counterclock- 
wise orientation) is digested with the restriction 
35 endonuclease BamH I in a total volume of 500 ul 
containing 100 ug of plasmid DNA, 240 units 
Bam HI. in Bam HI (high salt) buffer. Two fragments 
are generated, one being about 5.6 kb and another 
fragment 0.8 kb. The fragments are separated by 
4o electrophoresis in a 0.8% preparative agarose gel. 
The larger fragment containing the structural gene 
for human growth hormone without the natural pro- 
moter for gene, is electro-eiuted from the gel and 
purified by two cycles of phenol/chloroform extrac- 
ts tion, two cycles of chloroform extraction and two 
cycles of ethanol precipitation. The pelleted DNA is 
resuspended in 20 ul 10 mM Tris, pH 8.0. 

B. Isolation of a DNA Fragment Containing the 
so Metallothionein Promoter and the pML2 Vector 

Backbone. 

Plasmid pMMT-neo (see Figure 5) is digested 
with restriction endonucleases Bql ll and Bam HI to 
55 produce two fragments, one being 4.5 kb and con- 
taining the MMT-promoter and the pML2 vector 
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backbone, and the other being 2.15 kb and contain- 
ing the neg gene coupled to the sv-PAS-t segment. 
In order to prevent seff-ligation, the linear DNA is 
treated with alkaline phosphatase in a total volume 
of 100 ul containing 25 ug of the DNA fragment 
and, 28 U of alkaline phosphatase. The mixture is 
incubated 20 minutes at 37°C, and the reaction is 
stopped by adding 10 ul 50 mM EDTA and heating 
for 10 minutes at 68°C. The fragments are sepa- 
rated by electrophoresis in a 0.8% agarose gel. 
The 4.5 kb fragment is electro-eluted from the gel 
as described and is purified by two cycles of 
phenol/chloroform extraction, two cycles of chlo- 
roform extraction and two cycles of ethanol precipi- 
tation. The pelleted DNA is resuspended in 20 ul 
10mMTris, pH 8.0. 

C. Ligation of the DNA Fragments Isolated in A. 
and B. Above. 

A 1.5 ug quantity of the 5.6 kb fragment from 
A. above is taken and mixed with 0.3 ug of the 
fragment from B. above in a total volume of 10 ul 
containing 0.9 units of T4 DNA-ligase and 1X liga- 
tion buffer, plus 100 mM ATP. The mixture is 
incubated for 1 hour at 15 °C and overnight at 4°C. 
The ligation mixture is then introduced into the 
bacterial strain, HB101, using the procedure de- 
scribed in Materials and Procedures. Ceils from the 
transformation mixture are spread onto LB-ampicii- 
lin agar plates and isolated colonies are screened 
for those containing plasmids of 10.1 kb in size that 
can be linearized with restriction endonuclease 
Bam HI. The orientation is determined by Eco RI 
digestion. Plasmids containing the insert in the 
correct orientation yield two Eco Rl fragments, one 
of 3.5 kb and the other of 6.6 kb. Such plasmids, 
designated pMMT-hGH, are subjected to large 
scale growth and purification as described. 

D. Introduction of the Recombinant DNA Vector 
Obtained in C. Above into Mammalian Cells and 
Establishment of Ceil Lines Producing Human 
Growth Hormone. 

The vector, pMMT-hGH, is then transfected 
into eukaryotic host cells (mammalian) by standard 
co-transfection technique? to yield transfectants 
that synthesize the human growth hormone poly- 
peptide. Such transfectants are identified by the 
RIA technique using antibodies to human growth 
hormone. Transfectants showing secretion of hu- 
man growth hormone are established as cell lines 
using conventional techniques. 



Example 4 



Expression of Rat Growth Hormone 

5 

Preparation of a Recombinant DNA Vector Com- 
prising the Rat Growth Hormone, Said Vector Con- 
taining the Metallothionein Promoter. 

TO 

A. Conversion of the Bglll Restriction Endonuclease 
Site in pMMT-neo to Xhol. 

15 A 200 ug quantity of pMMT-neo is digested 
with 500 U of restriction endonuclease Bglll in 
medium sait buffer in a total reaction volume of 
1,000 ul. The ends of the 6.65 kb linear plasmid 
DNA are first made blunt by filling in the Bglll ends 

20 using DNA polymerase I (Kienow fragment) and the 
four dNTP ! s, as described previously, followed by 
attachment of the following synthetic DNA linker 
fragment containing the Xho l restriction en- 
donuclease recognition and cleavage site (from PL 

25 Biochemicais, Milwaukee, Wisconsin 53205): 

S'-CCTCGAGG-S* 
3*-GGAGCTCC-5 f 

30 

The filling in reaction is performed in a total volume 
of 30 ul containing 2.5 ug of the 6.65 kb fragment, 
200 mM of the four dNTP's, 3 ul NT-buffer, 1 ul 
Kienow fragment. The mixture is incubated at room 

35 temperature for 30 minutes. The reaction is stop- 
ped by the addition of 2 ul 0.25 M EDTA and the 
DNA is washed once with an equal volume of 
phenol/chloroform and then with an equal volume 
of chloroform alone. The DNA in the aqueous 

40 phase is further purified by two ethanol precipita- 
tions. The precipitated DNA is resuspended in 10 
ul 10 mM Tris, pH 8.0, at a concentration of 50 
ng/ul. 

The linker fragment is dissolved in 50 ul of 10 
45 mM Tris, pH 8.1, at a concentration of 1 pmole/ul. 
The blunt-ended 6.65 kb fragment is ligated to the 
linker fragment in a total volume of 20 ul containing 
2 pmoles of the linker fragment, 0.5 ug of the 6.65 
kb fragment, 9 units of T4 DNA-ligase (Boehringer 
so Mannheim), 30 ul 2X blunt-end ligation buffer, plus 
100 mM ATP. The ligation is performed at 15°C for 
one hour and at 4°C overnight. 

This ligation mixture is used to transform the 
bacterial strain, HB101, which is made competent 
55 as described in Materials and Procedures. Cells 
from the transformation mixture were spread on 
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LB-ampicillin agar plates. Bacterial colonies able to 
grow on ampicillin plates are picked and grown up 
in 2 ml cultures and subjected to plasmid prepara- 
tions as described above. 

From 12 bacterial clones, four (OK 3, OK 4, OK 
11, OK 12) were identified as having a plasmid 
showing the expected size after digestion with Xhol 
alone or together with Bam HI and EcoRl. The plas- 
mid DNA from OK 3 and OK 11 were propagated 
in HB101 for large scale plasmid preparations. 

B. Isolation of a DNA Fragment Containing the 
Metailothionein Promoter and the pML2 Vector 
Backbone. 

A 100 ug quantify of each of OK 3 and OK 11 
was digested with the restriction endonucleases 
BamHI and Xhol which yield two fragments, one - 
(5.8 kb) with the MMT-promoter located close to 
the Xhol end and the pML2-part at the Bam HI end, 
and the other (0.85 kb) containing the sv-PAS-t 
sequence. The fragments were separated by elec- 
trophoresis in 0.8% agarose. The 5.8 kb fragment 
was purified by electro-elution, followed by two 
cycles of phenol/chloroform extraction, two cycles 
of chloroform extraction and two cycles of ethanol 
precipitation. The pelleted DNA was resuspended 
in 50 ul 10 mM Tris, pH 8.0. 

C. Isolation of a DNA Fragment Containing the Rat 
Growth Hormone Gene. 

Plasmid pBR322.rGH, containing a genomic 
BamHI insert encoding the rat growth hormone 
gene (in a counterclockwise orientation), was di- 
gested with Bam HI and Xho l. The genomic BamH I- 
Xho l fragment containing the structural gene is 
isolated from a 0.8% preparative agarose gel as 
above. 

D. Ligation of the Fragments Isolated as in B. and 
C. Above. 

The fragments are ligated to each other such 
that the MMT-promoter will be linked, via the Xho l 
"sticky" end directly to the structural gene via its 
Xhol sticky end, in the correct orientation. 

The ligation mixture is used to transform the 
bacterial strain, HB101, as described above. Trans- 
form ants forming colonies on LB-ampicillin agar 
plates are picked and grown up in 2 ml cultures for 
small scale plasmid preparation. Plasmids yielding 
the two expected fragments upon digestion with 
Bam HI and Xhol, designated pMMT-rGH, are then 
grown up in large scale for transfection into mam- 
malian ceils. 



E Introduction of the Recombinant DNA Vector 
Obtained in D. Above into Mammalian Cells and 
Establishment of Cell Lines Producing Rat Growth 
Hormone. 

5 

The vector, pMMT-rGH, is then transfected into 
eukaryotic host cells (mammalian) by standard co- 
transfection techniques to yield transfectants that 
synthesize the rat growth hormone polypeptide. 

70 Such transfectants are identified by the RIA tech- 
nique using antibodies to rat growth hormone. 
Transfectants showing secretion of rat growth hor- 
mone are established as cell lines using conven- 
tional techniques. 

75 Although the present invention has been de- 
scribed with reference to preferred embodiments, 
workers skilled in the art will recognize that 
changes may be made in form and detail without 
departing from the spirit and scope of the inven- 

20 tion. 

Claims 

1. A recombinant DNA vector comprising: 

25 

a DNA sequence comprising the PreS,-PreSa-S 
protein coding region; and 

the promoter of a metailothionein gene. 

30 2. The vector of claim 1 wherein the metai- 
lothionein gene promoter is incorporated into the 
vector comprising the DNA sequence in addition to 
or in place of a hepatitis B natural promoter, prefer- 
ably immediately upstream of the PreSrPreS^S 

35 protein coding regions. 

3. The vector of claim 1 further including a selec- 
tion marker, preferably a drug resistance marker, 
such as a neomydne resistance gene, and/or a 
transcription termination site, such as an SV 40 

40 termination site or a DEF region of the mouse 
globin gene. 

4. The vector of claim 1 wherein the vector does 
not contain any viral DNA segment and/or is not 
oncogenic. 

45 5. A recombinant DNA concatamer comprising the 
vector of claim 1 as a 

first vector and a second vector including a PreS*-S 
protein coding region or an S protein coding region 
so of a hepatitis B surface antigen. 

6. The concatamer of claim 5 wherein the metai- 
lothionein gene promoter is incorporated into the 
additional vector and is located preferably imme- 
diately upstream of the PreSj-S protein coding 

55 region. 

7. The concatamer of claim 5 wherein the first 
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and/or additional vector includes a transcription ter- 
mination site, such as the DEF region of the mouse 
globin gene, and/or a selection marker. 

8. The concatamer of claim 5 wherein the DNA 
vectors contain no viral DNA segments. 

9. A eukaryotic cell transfected with the recom- 
binant DNA vector of any of claims 1 to 4 or with 
the concatamer of any of claims 5 to 8. 

10. A eukaryotic cell co-transfected with the recom- 
binant DNA vector of claims 1 to 4 being defined 
as the first recombinant DNA vector and with a 
second recombinant DNA vector including a PreS 3 - 
S protein coding region or an S protein coding 
region and the promoter of a metallothionein gene. 

11. A eukaryotic ceil co-transfected with the recom- 
binant vector of claim 1 to 4 being defined as the 
first recombinant DNA vector and with a second 
recombinant DNA vector including a PreS a -S pro- 
tein coding region and with a third recombinant 
DNA vector including the promoter of a metal- 
lothionein gene and a selection marker, the metal- 
lothionein gene promoter in the third vector being 
located preferably immediately upstream of the se- 
lection marker. 

12. The cell of claims 10 or 11 wherein the metal- 
lothionein gene promoter is incorporated into the 
second vector and is located preferably imme- 
diately upstream of the PreS a -S protein coding 
region. 

13. The cell of claims 10 or 11 wherein the second 
and/or third vector include a transcription termina- 
tion site, such as the DEF region of the mouse 
globin gene t and/or wherein the second vector in- 
cludes a selection marker. 

14. The cell of claims 10 or 11 wherein the second 
and/or third DNA vector contain no viral DNA seg- 
ments. 

15. The cell of claims 10 or 11 wherein the DNA 
vectors include different selection markers. 

16. The cell of claim 11 wherein the first, the 
second and/or the third vector include a replicon. 

17. The cell of any of claims 9 to 16 wherein the 
eukaryotic cell is a mammalian cell, such as a 
Chinese hamster ovary cell, a vero cell, an L-cell, a 
mouse fibroblastic cell or a rat fibroblastic ceil. 

16. A method of preparing the eukaryotic cell of 
claim 9, the method comprising: 

transfecting a eukaryotic cell with the recombinant 
DNA vector according to any of claims 1 to 4 or 
with the concatamer according to any of claims 5 
to 8. 

19. The method of preparing the eukaryotic cell of 
claim 10, the method comprising: 

co-transfecting a eukaryotic cell with the recom- 



binant DNA vector of any of claims 1 to 4 and with 
a second recombinant DNA vector as defined in 
any of claims 10 and 12 to 15. 

20. The method of preparing the eukaryotic cell of 
s claim 1 1 , the method comprising: 

co-transfecting a eukaryotic cell with the recom- 
binant DNA vector of any of claims 1 to 4 and with 
a second and third recombinant DNA vector as 
io defined in any of claims 11 to 16. 

21. The method of claim 20 wherein the DNA 
vectors are co-transfected in pairwise combina- 
tions, or are co-transfected together, or are trans- 
fected in a series of steps. 

75 22. A particle prepared by recombinant DNA tech- 
nique which comprises at least one protein coded 
for by the entire PreSi-PreS 2 -S protein coding re- 
gion. 

23. The particie of claim 22 wherein at least one of 
20 the proteins corresponds to a polypeptide coded 

for by the PreS.-PreSj-S coding region, the poly- 
peptide being preferably glycosylated and contain- 
ing no viral components. 

24. The particle of claim 22 wherein the peptide is 
25 derived from a serum-free source. 

25. A method of preparing a particle comprising 
proteins coded for by the PreS,-PreSa-S coding 
region of hepatitis B surface antigen wherein at 
least one of such proteins corresponds to a poly- 

30 peptide coded for by the entire PreS.-PreSa-S cod- 
ing regions, the method comprising: 

a. cultivating a transfected or co-transfected 
host cell according to any of claims 9 to 17 
under culture medium conditions such that the 

35 host cell expresses the particle; and 

b. isolating such particle. 

26. The method of claim 25 wherein heavy metals, 
such as cadmium or zinc, or steroid hormones, 

40 such as dexamethasone, are added to the culture 
medium to induce the metallothionein gene pro- 
moter. 

27. The method of claim 25 wherein the particles 
are isolated from a culture lysate of the host cell. 

45 28. A method for detecting the presence of a 
hepatitis B virus infection comprising: 

effecting quantitative immunoassays on a serum 
sample taken from a human to determine the 

50 amount of antibodies present therein employing the 
particle of any of claims 22 to 24 and comparing 
the value with a known standard. 
29. A vaccine for protecting a human against be- 
coming infected with hepatitis B virus comprising 

55 an immunoprotective amount of the particle of any 
of claims 22 to 24. 
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antibodies to proteins coded for the by PreS,- 
PreS a -S protein coding region in a sample of mam- 
malian blood sera comprising: 

a) unlabeled proteins of the particle of any of 
5 claims 22 to 24 attached to a solid support 

and 

b) labeled antibodies to human IgG or IgM. 

35. A diagnostic kit for detecting the presence of 
to proteins coded for by the PreS,-PreS*-S protein 
coding region in a sample of mammalian blood 
sera comprising: 

a) antibodies, produced by the particles of any 
of claims 22 to 24 attached to a solid support 

75 and 

b) labeled antibodies; produced by the par- 
ticles of any of claims 22 to 24. 

36 . A method for detecting HBV antigens contain- 
20 ing proteins coded for by the PreS,-PreS a -S protein 
coding regions in sera of HBV infected animals, the 
method comprising: 

a) providing a solid substrate containing bind- 
ing sites thereon with antibodies to particles of 

25 any of claims 22 to 24 ; 

b) washing the coated beads to remove ex- 
cess antibodies; 

c) contacting the beads with a protein-contain- 
ing solution to reduce non-specific binding; 

30 d) washing the beads to remove excess 



30. A method for preparing a vaccine for protecting 
a human against becoming infected with hepatitis B 
virus comprising: 

combining an immunoprotective amount of the par- 
ticle of any of claims 22 to 24 with a usual carrier 
substance. 

31. A method for preparing a vaccine for protecting 
a human against becoming infected with hepatitis B 
virus comprising: 

disassociating polypeptides from the particle of any 
of claims 22 to 24 ; and reassociating the polypep- 
tides in a lipid vesicle. 

32. A method for detecting the presence of anti- 
bodies to proteins coded for by the PreS,-PreSa-S 
protein coding regions of a hepatitis B surface 
antigen in a sample of mammalian blood sera, the 
method comprising: 

a. contacting the sample with a solid substrate 
coated with non-labeled particles of any of 
claims 22 to 24 ; 

b. incubating and washing said contacted 
sample; 

c. contacting said contacted sample with label- 
ed particles of any of claims 22 to 24 thereby 
producing a labeled contacted sample; 

d. incubating and washing said labeled con- 
tacted sample; and 

e. determining the extent of labeled particle in 
the labeled contacted sample. 

33. A method for detecting the presence of pro- 
teins coded for the PreS,-PreS*-S protein coding 
region in a sample of mammalian blood sera, the 35 
method comprising: 

a. producing a composition containing an anti- 
body produced by an immunogen including 
the particles of any of claims 22 to 24; 

b. contacting the sample with the first portion 40 
of the composition and the immunogen which 

has been labeled, incubating and washing the 
first portion; 

c. contacting an antigen-free control with a 
second portion of the composition and the 45 
immunogen which has been labeled, incubat- 
ing and washing the second portion; 

d. adding the same amount of staphylococci 
bearing protein A to the composition of steps 

b. and c. above, incubating both compositions 50 
and separating liquid from solids; and 

e. determining the extent of labeled im- 
munogen in each of the resultant compositions 
from step d. above. 

55 

34. A diagnostic kit for detecting the presence of 



protein-containing solution; 

e) incubating the beads with serum samples 
suspended to contain HBV or HBV surface 
antigens; 

f) washing the beads with a solution mixed 
with a labeled antibody; and 

g) determining the extent of labeled antibody. 

37. A method for detecting antibodies to the PreS,- 
PreSa-S regions of HBV surface antigen proteins in 
a given sample, the method comprising: 

a) adsorbing particles of any of claims 22 to 

24 on a solid substrate containing binding 

sites thereon; 
- b) contacting the substrate with a substance to 

saturate non-specific binding sites thereon; 

c) washing the substrate with a buffered solu- 
tion and removing the buffer; 

d) adding the sample to the substrate; 

e) incubating and washing the substrate-con- 
taining sample; 

f) adding labeled antibodies to human IgG or 
IgM to the substrate; 

g) incubating and washing the substrate; and 
determining the extent of labeled antibody. 
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38. A recombinant DNA vector according to any of binant vector of any of claims 38 or 39. 

claims 1 to 4 comprising: 41 . A method of preparing a protein coded for by 

the functional DNA sequence of any of claims 38 to 
40, the method comprising: 
5 a. cultivating a transfected host cell having the 

DNA sequence of interest under culture me- 
dium conditions such that the host cell ex- 
presses the protein and 
b. isolating such protein. 

70 



75 



20 



25 



30 



35 



40 



45 



50 



the promoter of a metaliothionein gene and instead 
of the DNA sequence encoding the PreS,-PreS 2 -S 
region a DNA sequence encoding a different useful 
gene product and additional DNA other than viral 
DNA. 

39. The vector of claim 38 wherein the DNA se- 
quence encodes for a growth hormone. 

40. A eukaryotic cell transfected with the recom- 
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